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‘MEDICAL APPLICATIONS 


Hitachi’s products are not authorized for use in MEDICAL APPLICA- 
TIONS, including, but not limited to, use in life support devices without the 
written consent of the appropriate officer of Hitachi’s sales company. Buyers 
of Hitachi’s products are requested to notify Hitachi’s sales offices when 
planning to use the products in MEDICAL APPLICATIONS. 


When using this manual, the reader should keep the following in mind: 


1. This manual may, wholly or partially, be subject to change without 
‘notice. 


All rights reserved: No one is permitted to reproduce or duplicate, in 
any form, the whole or part of this manual without Hitachi’s permission. 


Hitachi will not be responsible for any damage to the user that may result 
from accidents or any other reasons during operation of his unit accord- 
ing to this manual. 


This manual neither ensures the enforcement of any industrial proper- 
ties or other rights, nor sanctions the enforcement right thereof. 


Circuitry and other examples described herein are meant merely to 
indicate characteristics and performance of Hitachi semiconductor- 
applied products. Hitachi assumes no responsibility for any patent in- 
fringements or other problems resulting from applications based on the 
examples described herein. 


No license is granted by implication or otherwise under any patents or 
other rights of any third party or Hitachi, Ltd. 
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QUICK REFERENCE GUIDE 


= NMOS 8-BIT MICROPROCESSOR 


HD6809 HD6809E 
HD68A09 HD68A09E 
HD68B09 HD68BO9E 


HD6803 


Type No. HD6802W HD6803-1 















1.0 (HD6803) | 1.0 (HD6809) | 1.0 (HD6809E) 
Clock Frequency (MHz) : 1.25 (HD6803-1) | 1.5 (HD68A09)) 1.5 (HD68A09E) 
2.0 (HD68B09) | 2.0 (HD68BO9E) 


Supply Voltage (V) 5.0 


ca a _90~+75 ~20~+75 —20~+75 —20~+75 


RAM (byte) 


Oscillator Yes Yes Yes = 


Package DP-40 DP-40 DP-40 DP-40 DP-40 


e Internal oscillator and RAM e The highest 













e Upward instruc- e Full software 


















added to the HD6800 tion compatibil-| version of the | compatibility 
e32 byte RAM Battery backed ity with the HMCS6800 with the 
up possible HD6800 family HD6809 
F eOn-chip SCI ePowerful ad- eBus employ- 
eatules and timer dressing modes} ment on time 
e Easy relocat- sharing basis 
able/reentrant | eExternal clock 
programming 
MC6809 MC6809E 
Compatibility MC6802 MC6803 MC68A09 MC68A09E 
MC6803-1 MC68B09 MC68B09E 


* Wide Temperature Range (—40~+85°C) version is available. 
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QUICK REFERENCE GUIDE 


= CMOS 8-BIT MICROPROCESSOR | 
HD6303Y 


HD6303R . HD6303X 
Type No. HD63A03R HD63A03X treed 
HD63B03R HD63B03X | HD63C03Y _ 
(HD6303R) (HD6303X) 1.0 (HD6303Y) 
Clock Frequency (MHz) (HD63A03R) (HD63A03X) | 1.5 (HD63A03Y) 


2.0 (HD63B03Y) 
3.0 (HD63C03Y) 


(HD63B03R) (HD63B03X) 





Supply Voltage (V) 


External Memory Expansion (byte) 


Package DP-40, FP-54, DP-64S, FP-80, DP-64S, FP-64, 
. CG-40, CP-52 CP-68 coca 


® On-chip timer and synchronous/asynchronous SCI 







Features @ Upward instruction compatibility with the HD6800 
ad Low power consumption modes (sleep and standby) 
Reference Page “Be 151 ; 185 | 224 


*Wide Temperature Range (—40~+85°C) version is available. 
CP/M~ is the registered trade mark of Digital Research Inc. 
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QUICK REFERENCE GUIDE 


















HD6305X2 
HD63A05X2 
HD63B05X2 


HD6305Y2 
HD63A05Y2 
HD63B05Y2 











HD63B09/E 


HD63C09/E HD64180R HD64180R 























ee tHDesAgSx2) i DeSASY2) 2.0 (HD63B09/E) 6.0 (HD64180RP-6) | 6.0 (HD64180RCP-6X) 







r 


DP-64S, FP-64 DP-64S, FP-64 DP-64S CP-68 


e On-chip timer and synchronous SCI 
‘ : e On-chip MMU, DMAC, synchronous/ 
asynchronous SCI and timer 














e Software compatibility 
with the HD6809/E 

e Easy relocatable/ 

reentrant programming 

¢ Low power consumption modes ° Flexible system 


(wait, stop and standby) expansion capabilities 


268 268 302/348 385 385 






e Powerful bit manipulation instruction 


e Software compatibility with Z80/8080 
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QUICK REFERENCE: 60D ee SS See 


HD68000P8 - HD68000PS8 HD68000CP8 


8.0(HD68000P8) | 8.0(HD68000PS8) 8.0(HD68000CP8) 


= NMOS 16-BIT MICROPROCESSOR 












HD68000Y8 
HD68000Y10 
HD68000Y12. 


1 0.0(H D68000-1 0))1 0.0 (HD68000 Y-10 
| 12.5(HD68000-12)| 12.5(HD68000-12 






HD68000-8 
HD68000-10 
HD68000-12 


Type No. 





Supply Voltage (V) 5.0 
Operating Temperature (°C) 0~ +70 
Power Dissipation (W) | 1.5 (f= 6MHz, 8MHz, 10MHz), 0.9 (f = 8MHz) 


1.75 (f = 12.5 MHz) 


Package —DC-64 PGA-68 DP-64 DP-64S CP-68 


Feature High performance MPU featuring 32-bit data processing function 


Compatibility MC68000L6 MC68000R6 MC68000P6 MC68000FN6 
MC68000L8 MC68000R8 MC68000P8 MC68000FN8 


MC68000L10 MC68000R 10 
MC68000L12 MC68000R 12 





= CMOS 16-BIT MICROPROCESSOR 


HD68HCO000-8 HD68HCO00YS HD68HCOO0R8 HD68HCOO0PS8 HD68HCOOOCR8 
Type No.| HD68HCOO00-10 HD68HCO00*10 HD68HCOOOP 10 HD68HCOOOPS10 HD68HCOOOCR10 
HD68HCO00-12 HD68HCO00Y-4 2 HD68HCOOOR12 HD68HCOOOPS12 | HD68HCOOOCR12 


Clock 8.0(HD68HCO000-8 )} 8.0(HD68HCOOO¥S )| 8.0(HD68HCOOORS )| 8.0(HD68HCOOOPS8 )| 8.0(HD68HCOOOCRS ) 
Frequency |10.0(HD68HCO000-10)|10.0(HD68HCOOOY 10) |10.0(HD68HCOOOP40) |10.0(HD68HCOO0PS4 0) |10.0(HD68HCOO0CR4 0) 





(MHz) 12.5(HD68HCO000-12)] 12.5(HD68HCOOOY 1 2)|12.5(HD68HCOOO0PR4 2) |12.5(HDE8HCOOOPS4 2) |12.5(HD68HCOO0CP4 2) 
Supply 
Voltage 5.0 
(V) 
Operating 
Tempera- QO~+70 
— ture (°C) 
Current 25 (f= 8 MHz) 
Dissipa- 30 (f= 10 MHz) 
tion (mA) 35 (f = 12.5 MHz) 
Package DC-64 PGA-68 DP-64 DP-64S CP-68 
Feature High performance MPU featuring 32-bit data processing function 
Compati- MC68HCOOOL8 MC68HCOOOR8 MC68HCO000G8 MC68HCOOOFNS 
bility MC68HCOOO0L10 MC68HCO00R10 MC68HC000G10 MC68HCOOOFN10 


MC68HCOOOL12 MC68HCOO0R 12 MC68HCO000G12 MC68HCOOOFN12 


Reference 
Page ee ee ee ies 
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INTRODUCTION OF PACKAGES 





Hitachi microcomputer devices include various types of multi-function types, applicable to each kind of mounting 
package which meet a lot of requirements such as ever smaller, method. Also, plastic and ceramic materials are offered ac- 
thinner and more versatile electric appliances. When selecting a cording to use. 
package suitable for the customers’ use, please refer to the Fig. 1 shows the package classification according to the 
following for Hitachi microcomputer packages. dketin types on the Printed Circuit Board (PCB) and the 

materials. 


1. Package Classification 
There are pin insertion types, surface mounting types and 


Standard Outline Plastic DIP 


Ceramic DIP 


Pin Insertion Type i 
Shrink Type Plastic DIP 


Shrink Outline 
PGA Shrink Type Ceramic DIP 


Package Classification 


Flat Package FLAT-DIP SOP (Plastic) 
Surface Mounting Type a eed FPP (Plastic) 
cc PLCC (Plastic) 


LCC 


(Glass Sealed Ceramic) {| 
Multi-function Type eae Package 


DIP; DUAL IN LINE PACKAGE 

S-DIP; SHRINK DUAL IN LINE PACKAGE 
PGA: PIN GRID ARRAY 
FLAT-DiP; FLAT DUAL IN LINE PACKAGE 
FLAT-QUIP; FLAT QUAD IN LINE PACKAGE 
CC: CHIP CARRIER 

SOP;SMALL OUTLINE PACKAGE 

FPP; FLAT PLASTIC PACKAGE 

PLCC; PLASTIC LEADED CHIP CARRIER 
LCC ;LEADLESS CHIP CARRIER 


Fig. 1 Package Classification according to the Mounting Type on the Printed Circuit Board and the Materials. 
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INTRODUCTION OF PACKAGES: 


2. Type No. and Package Code Indication trated in the data sheet of each device. | A 
Type No. of Hitachi microprocessor is followed by package When ordering, please write the package code beside the type 
material and outline specifications, as shown below. The package number. 


type used for each device is identified by code as follows, illus- 


Type No. Indication 


HDX xx xXP 


(Note) The HD68000 with shrink type plastic DIP (DP-64S) has a dif- 


ferent type No. from other devices. Package Classification 
No indication : Ceramic DIP 


rene: HD 68000PS8 . a 


cP ; PLCC 
CG ; LCC 


Package designation Y ; PGA (16-bit microcomputer device) 





Package Code Indication 


DP—64S 


Materials 


P ;Plastic 

G ;Glass Sealed 
ceramic 

C ;Ceramic 
















(Note) PGA packages of 16-bit microcomputer devices have a different indication. 


Package Code Indication; Pp G A- 6 8 












Package Classification | Number of Pins 
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INTRODUCTION OF PACKAGES 





3. Package Dimensional Outline Table 1 according to the mounting method on the PCB. 
Hitachi microprocessor employs the packages shown in 


Table 1 Package List 











Method of Mounting Package Classification Package Material Package Code 
DP-40 
DP-64 
Standard Outline (DIP) 
ere 
Pin Insertion Type 
Shrink Outline 
Glass Sealed Ceramic PGA-68 
FP-54 
Flat Package FLAT-QUIP (FPP) Plastic FP-64 
FP-80 
: ; CP-52 
Surface Mounting Type PLCC CP-68 
Chip: Carrier Glass Sealed Ceramic — CG-40 


| Unit : mm(inch) 


(0.528) 
14.6max. 
(0.575max.) 


ard 
c= 
Es 
ns 
ols 
Ss 


=> 
: 8 
x 

BE 
&s 
on 
wil 


2.54+0.25 0.48+0.1 & 
(0.100 + 0.010) (0.019+0.004) 3 
iy] 


(0.100min.) 
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INTRODUCTION OF PACKAGES 


Unit : mm(inch) 





82.04 (3.230) 
83.22max.(3.276max.) 


21.00 (0.827) 
21.6max. 
(0.850max.) 


3.18min. 5.08max. 
(0.125min.) (0.200max.) 


2.54+0.25 {| 0.48 +0.1 





(0.100 + 0.010) “(0.019+0.004)  0°~y5° 
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INTRODUCTION OF PACKAGES 


Ceramic DIP 
Unit : mm(inch) 


| 1.02 22.86 
(0.040) (0.900) 
£ ¢E€ x s 


2.54+0.25 | 0.48+0.1 ; 0.2528:38 | 
(0.019+ 0.004) (0.01 023-888) 


(0.100+0.010) 


2.54min. 5.08m 
(0.100min.) (0.200max.) 


Unit: mm(inch) 


18.2max. 
(0.71 7max.) 


19.05 


af 3 | (0.750) | 
i] 


0 sth.ts 


a 
1.778 +0.25 ce 
_{ {1.778 0.48 +0.10 Ee +9. 909) 
(0.070 + 0.010) (0.019 + 0.004) ° 3 (0.01058: 
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INTRODUCTION OF PACKAGES 


Pin Grid Array 


@ PGA-68 | 22.86+0.45 


(0.900 + 0.0187) 


Unit : mm(inch) 


§.08max. 2.54min. 
(0.200max.) (0.100min.)  254+0.25 


(0.100 + 0.010) 


22.86 + 0.45 
(0.900 + 0.018) 


(0.100max.) 





: | Unit : mm(inch) 


25.6+0.4 
(1.008 + 0.016) 2.9max. 
(0.1 14max.) 


14.0(0.551) 
19.6+0.4 
(0.772 + 0.016) 


a 


(0.039 + 0.006) 0.15+0.05 


; (0.006 + 0.002) 
1.7403 7 ° 


(0.067 +0.012) 


~ (0.11 4max.) 


14.0(0.551) * 
(0.772 +0.016) 


nN 
°o 


aE 


1+0.15 0.35+0.! 
(0.039 + 0.006) (0.014+0.004) 


ma 
hey 0.012) 
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25.6 + 0.4( 1.008 + 0.016) 


6A (0.787) al 


AIAN AAT AT 


HA 


8 


So 


TTT 
| ae oe 


0.8+0.!5 0.35+0.1 
(0.031 + 0.006) (0.014 + 0.004) 


BTR DERE ESE 
TMM 


\1 +0.3(0.067 +0.012) 


Plastic Leaded Chip Carrier 


® CP-52 


20.07+0 12 
(0.790 + 0.005) 
1 52 











20.07+0.12 
(0.790 + 0.005) 


4.4+0.2 
(0.173 +0.008) 


18.04+0.5 
(0.710 +0.020) 















. 19.12 


INTRODUCTION OF PACKAGES 


Unit : mm(inch) 


2.9max. 
(0.11 4max.) 


(0.772 + 0.016) 





9.15 +0.05 
(0,006 +0.002) 


o~1s° 


Unit : mm{(inch) 









Tl 








0.42+0.10 (0.017+0.004) 





18.04+0.5 


(0.753) 9.75(0.030) 
(0.710+0.020) 


TE | Te: 
Um APH apupApARAApApINL 









2.55 +0.15 


(0.100 +0.006) 
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INTRODUCTION OF PACKAGES 
| Unit: mm(inch) 
@ CP-68 


25.15+0.12 
(0.990 + 0.005) 















UU, 


CU 


24.20(0.953) 
23.12+0.5 


25.15+0.12 


| 0.42 +0.10(0.0!7 +0.004) 





24.20 


(0.100 + 0.006) 


4.4+0.2 
(0.173 +0.008) 


'-27(0.050) 


23.12+0.5 
(0.910 +0.020) 


Leadless Chip Carrier | . : . 
Unit : mm(inch) 


12.19+0.3 
(0.480 +0.012) 


12.194+0.3 
(0.480 + 0.012) 


(CG-40) eure) 


> 
< 

& 8 
EE 
wm 
Oo 
Nn oO 

S 

— 
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4. Mounting Method on Board 

Lead pins of the package have surface treatment, such as 
solder coating or solder plating, to make them easy to mount 
on the PCB. The lead pins are connected to the package by 
eutectic solder. The following explains the common connecting 
method of leads and precautions. 


4.1 Mounting Method of Pin Insertion Type Package 

Insert lead pins of the package into through-holes (usually 
about ¢0.8mm) on the PCB. Soak the lead part of the package 
in a wave solder tub. 

Lead pins of the package are held by the through-holes. 
Therefore, it is easy to handle the package through the process 
up to soldering, and easy to automate the soldering process. 
When soldering the lead part of the package in the wave solder 
tub , be careful not to get the solder on the package, because 
the wave solder will damage it. 


4.2 Mounting Method of Surface Mounting Type Package 

_ Apply the specified quantity of solder paste to the pattern 
on any printed board by the screen printing method, and put a 
package on it. The package is now temporarily fixed to the 
printed board by the surface tension of the paste. The solder 
paste melts when heated in a reflowing furnace, and the leads 
of the package and the pattern of the printed board are fixed 
together by the surface tension of the melted solder and the 
self alignment. 

The size of the pattern where the leads are attached, partly 
depending on paste material or furnace adjustment, should be 
1.1 to 1.3 times the leads’ width. 

The temperature of the reflowing furnace depends on pack- 
age material and also package types. Fig. 2 lists the adjustment 
of the reflowing furnace for FPP. Pre-heat the furnace to 150°C. 
The surface temperature of the resin should be kept at 235°C 
max. for 10 minutes or less. 


(1) The temperature of the leads should be kept at 260°C 
for 10 minutes or less. 

(2) The temperature of the resin should be kept at 235°C 
for 10 minutes or less. 

(3) Below is shown the temperature profile when soldering a 
package by the reflowing method. 


10 sec max 








235°C max 
140 ~ 160°C we 


1 ~ 4°C/sec 


Temperature —> 


1~ 5°C/sec 





Time ———— 


Figure 2 Reflowing Furnace Adjustment for FPP 


INTRODUCTION OF PACKAGES 


Ensure good heater or temperature controls because the 
material of a plastic package is black epoxy-resin which damages 
easily. When an infrared heater is used, if the temperature is 
higher than the glass transition point of epoxy-resin (about 
150°C), for a long time, the package may be damaged and the 
reliability lowered. Equalize the temperature inside and outside 
the packages by lessening the heat of the upper surface of the 
packages. 

Leads of FPP may be easily bent under shipment or during 
handling and cannot be soldered onto the printed board. If 
they are, heat the bent leads again with a soldering iron to re- 
shape them. 

Use a rosin flux when soldering. Don’t use a chloric flux 
because the chlorine in the flux tends to remain on the leads 
and lower the reliability of the product. 

Even if you use a rosin flux, remaining flux can cause the 
leads to deteriorate. Wash away flux from packages with 
alcohol, chlorothene or freon. But don’t leave these solvents 
on the packages for a long time because the marking may 
disappear. 


5. Marking 

Hitachi trademark, product type No., etc. are printed on 
packages. Case I and Case II give examples of marks and Nos. 
Case I applies to products which have only a standard type No. 
Case II applies to products which have an old type No. and a 
standard type No. 
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INTRODUCTION OF PACKAGES 
Case |: Includes a standard type No. 


(b) 
; ar 


ge ’, iat 
© C3 
NTN CU CN ONES 
»~HD6809B 
© JABAN 


Case II: Includes an old type No. and a standard type No. 


(a) (b) | 
ee eee 
‘Ff NY 
els | 
ar 1, 
\ PuiFAarn Ce’ r™~” : 
7 D468o00DP 
4 \) oe wll) Sa} Cena Ti} 
« JAIBIAIN 
(Fr CA’ A$ 
7 H D6800R 
7) (aed) Reeds ®& 4) AZ) 





Meaning of Each Mark 


Pia) [riechi Tademark] 
rier | Lot Code 
'e)|Standard Type No. 
(a) | 
fe) 










Japan Mark 


Old Type No. | 
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RELIABILITY AND QUALITY ASSURANCE 





1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality in Hitachi are to meet individual 
user’s purchase: purpose and quality required, and to be at the 
satisfied quality level considering general marketability. Quality 
required by users is specifically clear if the contract specifica- 
tion is provided. If not, quality required is not always definite. 
In both cases, efforts are made to assure the reliability so that 
semiconductor devices delivered can perform their ability in 
actual operating circumstances. To realize such quality in 
manufacturing process, the key points should be to establish 
quality control system in the process and to enhance morale 
for quality. 

In addition, quality required by users on semiconductor 
devices is going toward higher level as performance of elec- 
tronic system in the market is going toward higher one and is 
expanding size and application fields. To cover the situation, 
actual bases Hitachi is performing is as follows; 

(1) Build the reliability in design at the stage of new product 
development. 

(2) Build the quality at the sources of manufacturing process. 

(3) Execute the harder inspection and reliability confirmation 
of final products. 

(4) Make quality level higher with field data feed back. 

(5S) Cooperate with research laboratories for higher quality 
and reliability. 

With the views and methods mentioned above, utmost efforts 
are made for users’ requirements. 


2. RELIABILITY DESIGN OF SEMICONDUCTOR 

DEVICES 
2.1 Reliability Targets 

Reliability target is the important factor in manufacture 
and sales as well as performance and price. It is not practical to 
rate reliability target with failure rate at the certain common 
test condition. The reliability target is determined correspond- 
ing to character of equipments taking design, manufacture, 
inner process quality control, screening and test method, etc. 
into consideration, and considering operating circumstances 
of equipments the semiconductor device used in, reliability 
target of system, derating applied in design, operating condition, 
maintenance, etc. 


2.2 Reliability Design 

To achieve the reliability required based on reliability targets, 
timely sude and execution of design standardization, device 
design (including process design, structure design), design 
review, reliability test are essential. 
(1) Design Standardization 

Establishment of design rule, and standardization of parts, 
material and process are necessary. As for design rule, critical 
items on quality and reliability are always studied at circuit 
design, device design, layout design, etc. Therefore, as long as 
standardized process, material, etc. are used, reliability risk is 
extremely small even in new development devices, only except 
for in the case special requirements in function needed. 
(2) Device Design 

It is important for device design to consider total balance 
of process design, structure design, circuit and layout design. 
Especially in the case new process,and new material are em- 
ployed, technical study is deeply executed prior to device 


development. 
(3) Reliability Evaluation by Test Site 

Test site is sometimes called Test Pattern. It is useful method 

for design and process reliability evaluation of IC and LSI which 
have complicated functions. 
1. Purposes of Test Site are as follows; 

@ Making clear about fundamental failure mode 

@ Analysis of relation between failure mode and manufac- 
turing process condition 

@ Search for failure mechanism analysis 

@ Establishment of QC point in manufacturing 

2. Effectiveness of evaluation by Test Site are as follows; 

© Common fundamental failure mode and failure mecha- 
nism in devices can be evaluated. 

@ Factors dominating failure mode can be picked up, and 
comparison can be made with process having been experi- 
enced in field. 

@ Able to analyze relation between failure causes and manu- 
facturing factors. 

@ Easy to run tests. 

etc. 


2.3 Design Review 

Design review is organized method to confirm that design 
satisfies the performance required including users’ and design 
work follows the specified ways, and whether or not technical 
improved items accumulated in test data of individual major 
fields and field data are effectively built in. In addition, from 
the standpoint of enhancement of competitive power of prod- 
ucts, the major purpose of design review is to ensure quality 
and reliability of the products. In Hitachi, design review is 
performed from the planning stage for new products and even 
for design changed products. Items discussed and determined 
at design review are as follows; 

(1) Description of the products based on specified design 
documents. 

(2) From the standpoint of specialty of individual participants, 
design documents are studied, and if unclear matter is 
found, sub-program of calculation, experiments, investiga- 
tion, etc. will be carried out. 

(3) Determine contents of reliability and methods, etc. based 

- on design document and drawing. 

(4) Check process ability of manufacturing line to achieve 
design goal. 

(5) Discussion about preparation for production. 

(6) Planning and execution of sub-programs for design change 
proposed by individual specialist, and for tests, experiments 
and calculation to confirm the design change. 

(7) Reference of past failure experiences with similar devices, 
confirmation of method to prevent them, and planning 
and execution of test program for confirmation of them. 
These studies and decisions are made using check lists 
made individually depending on the objects. 


3. QUALITY ASSURANCE SYSTEM OF SEMICONDUCTOR 
DEVICES 
3.1 Activity of Quality Assurance 
General views of overall quality assurance in Hitachi are as 
follows; 
(1) Problems in individual process should be solved in the 
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process. Therefore, at final product stage, the, potential 
failure factors have been already removed. 
(2) Feedback of information should be made to ensure satisfied 
level of process ability. 
(3) To assure reliability required as an result of the things 
mentioned above is the purpose of quality assurance. 
The followings are regarding device design, quality approval 
at mass production, inner process quality control, product 
inspection and reliability. tests. | 


3.2 Quality Approval 
To ensure quality and reliability required, quality approval 
is carried out at trial production stage of device design and 
mass production stage based on ey design described at 
section 2. 
The views on quality approval are as follows; 
(1) The third party performs approval objectively from the 
standpoint of customers. 
(2) Fully consider past failure experiences and information 
from field. 
(3) Approval is needed for design change and work change. 
(4) Intensive approval is executed on parts material and pro- 
cess. 
(5) Study process ability and fluctuation factor, and set up 
control points at mass production stage. 
Considering the views mentioned above, quality approval 
shown in Fig. 1 is performed. 


3.3 Quality and Reliability Control at Mass Production 
For quality assurance of products in mass production, 
quality control is executed with organic division of functions 





in manufacturing department, quality assurance department, 
which are major, and other departments related. The total 
function flow is shown in Fig. 2. The main paints are described 
below. 


3.3.1 Quality Control of Parts and Material 

As the performance and the reliability of semiconductor 
devices are getting higher, importance is increasing in quality 
control of material and parts, which are crystal, lead frame, 
fine wire for wire bonding, package, to build products, and 
materials needed in manufacturing process, which are mask 
pattern and chemicals. Besides quality approval on parts and 
materials stated in section 3.2, the incoming inspection is, 
also, key in quality control of parts and materials. The in- 
coming inspection is performed based on incoming inspection 
specification following purchase specification and drawing, 
and sampling inspection is executed based on MIL-STD-105D 
mainly. 

The other activities of quality assurance are as follows: 
(1) Outside Vendor Technical Information Meeting 
(2) Approval on outside vendors, and guidance of outside 

vendors ; 

(3) Physical chemical analysis and test 

The typical check points of parts and materials are chown in 


Table 1. 


3.3.2 Inner Process Quality Control 

Inner process quality control is performing very important 
function in quality assurance of semiconductor devices. The 
following is description about control of semi-final products, 
final products, manufacturing facilities, measuring equipments, 
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Figure 1 Flow Chart of Quality ne 
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circumstances and sub-materials. The quality control in the 
manufacturing process is shown in Fig. 3 corresponding to 
the manufacturing process. 
(1) Quality Control of Semi-final Products and Final Products 
Potential failure factors of semiconductor devices should be 
removed preventively in manufacturing process. To achieve it, 
check points are set-up in each process, and products which 
have potential failure factor are not transfer to the next process. 
Especially, for high reliability semiconductor devices, manu- 
facturing line is rigidly selected, and the quality control in the 
manufacturing process is tightly executed — rigid check in 
each process and each lot, 100% inspection in appropriate ways 
to remove failure factor caused by manufacturing fluctuation, 
and execution of screening needed, such as high temperature 
aging and temperature cycling. Contents of inner process 
quality control are as follows; 
® Condition control on individual equipments and workers, 
and sampling check of semifinal products. 
Proposal and carrying-out improvement of work 
Education of workers 
Maintenance and improvement of yield 
Picking-up of quality problems, and execution of counter- 


Process 


Material, 
Parts ‘i 
- Inspection of 


Material and Parts 
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measures 

@ Transmission of information about quality 
(2) Quality Control of Manufacturing Facilities and Measuring 

Equipment 

Equipments for manufacturing semiconductor devices have 
been developing extraordinarily with necessary high perform- 
ance devices and improvement of production, and are important 
factors to determine quality and reliability. In Hitachi, auto- 
matization of manufacturing equipments are promoted to im- 
prove manufacturing fluctuation, and controls are made to 
maintain proper operation of high performance equipments 
and perform the proper function. As for maintenance inspection 
for quality control, there are daily inspection which is perform- 
ed daily based on specification related, and periodical inspection 
which is performed periodically. At the inspection, inspection 
points listed in the specification are checked one by one not to 
make any omission. As for adjustment and maintenance of 
measuring equipments, maintenance number, specification are 
checked one by one to maintain and improve quality. 
(3) Quality Control of Manufacturing Circumstances and Sub- 

materials 
Quality and reliability of semiconductor device is highly 


Method 


Lot Sampling, 
Confirmation of 
Quality Level 





Confirmation of 
Quality Level 










Lot Sampling, 
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Figure 2 Flow Chart of Quality Control in Manufacturing Process 
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affected by manufacturing process. Therefore, the controls of 
manufacturing circumstances — temperature, humidity, dust — 
and the control of submaterials — gas, pure water — used in 
manufacturing process are intensively executed. Dust control 
is described in more detail below. 

Dust control is essential to realize higher integration and 
higher reliability of devices. In Hitachi, maintenance and im- 


Table 1 Quality Control Check Points of Material and Parts 
(Example) - Some 


Material, Important 
Parts Control Items 


Point for Check 


provement of cleanness in manufacturing site are executed Wafer 
with paying intensive attention on buildings, facilities, air- 
conditioning systems, materials delivered-in, clothes, work, etc., 
and periodical inspection on floating dust in room, falling dusts 
and dirtiness of floor. 
Mask 
3.3.3 Final Product Inspection and Reliability Assurance 
(1) Final Product Inspection 
Lot inspection is done by quality assurance department for Fine 
products which were judged as good products in 100% test, Wire for 
which is final process in manufacturing department. Though Wire 
100% of good products is expected, sampling inspection is Bonding 
executed to prevent mixture of failed products by mistake of 
work, etc. The inspection is executed not only to confirm that 
the products meet users’ requirement, but to consider potential 
factors. Lot inspection is executed based on MIL-STD-105D. Praia 
(2) Reliability Assurance Tests 
To assure reliability of semiconductor devices, periodical 
reliability tests and reliability tests on individual manufacturing 
lot required by user are performed. 
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Figure 3 Example of Inner Process Quality Control 
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Purpose of Control 
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Figure 4 Process Flow Chart of Field Failure 


© HITACHI 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


RELIABILITY TEST DATA OF MICROCOMPUTER 





1. INTRODUCTION 
Microcomputer is required to provide higher reliability and 


quality with increasing function, enlarging scale and widening 
application. To meet this demand, Hitachi is improving the 
quality by evaluating reliability, building up quality in process, 
strengthening inspection and analyzing field data etc.. 

This chapter describes reliability and quality assurance data 
for Hitachi 8-bit and 16-bit multi-chip microcomputer based on 
test and failure analysis results. More detail data and new infor- 
mation will be reported in another reliability data sheet. 





2. PACKAGE AND CHIP STRUCTURE 
2.1 Package 

The reliability of plastic molded type has been greatly im- 
proved, recently their applications have been expanded to auto- 
mobiles measuring and control systems, and computer terminal 
equipment operated under relatively severe conditions and 
production output and application of plastic molded type will 
continue to increase. 

To meet such requirements, Hitachi has considerably im- 
proved moisture resistance, operation stability, and chip and 
plastic manufacturing process. 

Plastic and ceramic package type structure are shown in 
Figure 1 and Table 1. 


(1) Ceramic DIP (2) Plastic DIP (3) Plastic Flat Package 





Bonding wire 


Plastic 





Figure 1 Package Structure 


Table 1 Package Material and Properties 


Item Ceramic DIP Plastic DIP 


‘Lead Tin plating Brazed Alloy 42 


Package 





Die bond Au-Si 
Wire bond Ultrasonic 
Wire 


Plastic Flat Package 
Epoxy 
Solder plating Alloy 42 


Au-Si or Ag paste | 
Thermo compression 
Au 
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2.2 Chip Structure . | - | | 
Hitachi microcomputers are produced in NMOS E/D tech- in both types because of high reliability and high density. 
nology or low power CMOS technology. Si-gate process is used Chip structure and basic circuit are shown in Figure 2. 


Si-Gate N-channel E/D Si-Gate CMOS | 


RE 
an ae 





SiO, Source 


Drain Source Drain Source 


FETI | FET2 


N-channel P-channel 
DMOS EMOS 


N-channel 
N-channel EMOS 
EMOS 





Figure 2 Chip Structure and Basic Circuit 


3. QUALITY QUALIFICATION AND EVALUATION 
3.1 Reliability Test Methods 
Reliability test methods shown in Table 2 are used to qualify and evaluate the new products and new process. 


Table 2 Reliability Test Methods 


Test Items | _MIL'STD-883B Method No. 
Operating Life Test 125°C, 1000hr 1005,2 


High Temp, Storage Tstg max, 1000hr 1008, 1 
Low Temp, Storage Tstg min, 1000hr 

Steady State Humidity 65° Cc 95%RH, -1000hr 

Steady State Humidity Biased 85°C 85%RH, 1000hr 

Temperature Cycling ~55° C~ 150° C, 10 cycles 1010,4 
Temperature Cycling -20° C~ 125° C, 200 cycles 

Thermal Shock 0° C: ~ 100°C, 100 cycles 1011,3 
Soldering Heat 260°C, 10 sec 

Mechanical Shock 1500G 0.5 msec, 3 times/X, Y, Z 2002,2 
Vibration Fatigue | 60Hz 20G, 32hrs/X, Y, Z 2005, 1. 
Variable Frequency 20~2000Hz 20G, 4 min/X, Y, Z 2007,1 
Constant Acceleration 20000G, 1 min/X, Y, 2 2001,2 





Lead Integrity | 225aqr, 90" 3 times = 2004,3 
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3.2 Reliability Test Result Table 9. There is little difference according to device series, as 
Reliability test result of 8-bit microprocessors is shown in the design and production process, etc. are standardized. 
Table 3 to Table 7, that of 16-bit microprocessors in Table 8, 


Table 3 Dynamic Life Test (8-bit microprocessor) 







HD6800 248 pcs 248000 0 
HD6802 452 153712 si 
HD6809 85 85000 0 


* leakage current 


Estimated Field Failure Rate 
= 0.01% / 1000 hrs at Ta = 75°C 
(Activation Energy = 0.7eV, Confidence Level 60%) 


Table 4 High Temperature, High Humidity Test (8-bit microprocessor) (Moisture Resistance Test) 


(1) 85°C 85%RH Bias Test 


Device Type 168 hrs 500 hrs 1000 hrs 


HD6800P 5.5V 0/45 0/45 0/45 
HD6802P 5.5V 0/38 0/38 0/38 
HD6809P 5.5V 0/22 0/22 0/22 


(2) High Temperature-High Humidity Storage Life Test 













Deviee Type | Condition =| ——=—st6Bhrs ——«d|—=SCOD HTS | =—«1000 hr 
HD6800P 65°C 95%RH . 0/22. 
HD6802P 80°C 90%RH 0/22 
HD6802P 65°C 95%RH 0/38 
HD6809P 65°C 95%RH 0/45 


(3) Pressure Cooker Test 
(Condition ; 2atm 121°C) 











Device Type 


HD6800P 
HD6802P 


100 hrs 





(4) MIL-STD-883B Moisture Resistance Test 
(Condition; 65°C ~ -10°C, over 90%RH, Vcc = 5.5V) 


0/25 0/25 
0/25 0/25 














Device Type 


HD6800P 
HD6802P 


40 cycles 
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Table 5 Temperature Cycling Test (8-bit microprocessor) (—55°C ~ 25°C ~ 150°C) 





Device Type 


10 cycles 100 cycles 





200 cycles 


HD6800P 0/453 0/44 
HD6802P 0/77 
HD6809P 0/45 





Table 6 High Temperature, Low Temperature Storage Life Test (8-bit microprocessor) 





MPU total 


Table 7 Mechanical and Environmental Test (8-bit microprocessor) 


225 g, 90° 
Bonding 3 times 


Plastic DIP Flat Plastic Package 
Test item Condition 
° 0 
womiooa (Sw |e | wm | 
° 
°o 
oe 
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Lead Integrity 
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Table 8 Dynamic Life Test (16-bit microprocessor) 


168 hrs 


125°C 5.5V 0/62 0/62 
150°C 5.5V 











Device Type 1000 hrs 





HD68000 






Estimated Field Failure Rate 
= 0.013%/1000 hrs at Ta = 75°C 
(Activation Energy 0.7eV, Confidence Level 60%) 


Table 9 Mechanical and Environmental Test (16-bit microprocessor) 





Device Type 

Test Item Condition 
pia Lempelarle Ta = 295°C, 1000 hrs 0 
Storage 
Low Temperature Storage Ta = -55°C, 1000 hrs 0 
Temperature -55°C ~ 25°C ~ 150°C 
Cycling (1) 10 cycles 0 
Temperature -20°C ~ 25°C ~ 125°C . 
Cycling (2) 500 cycles 
Thermal -55°C ~ 125°C 
Shock 15 cycles 0 
Soldering heat 260°C, 10 sec 44 0 
Solderability 230°C, 5 sec 44 0 
Mechanical 1500G, 0.5 msec 
Shock 3 times/X, Y, Z 0 
Vibration 20 ~ 2000 Hz, 20G 
Variable Freq. 3 times/X, Y, Z 0 
Constant 20000G 0 
Acceleration 1 min/X, Y,Z 
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4. PRECAUTION 
4.1. Storage | 

It is preferable to store semiconductor devices in the follow- 
ing ways to prevent detrioration in their electrical charac- 
teristics, solderability, and appearance, or breakage. 

(1) Store in an ambient temperature of 5 to 30°C, and in a 
relative humidity of 40 to 60%. : 

(2) Store in a clean air environment, free from dust arid active 
gas. : . 

(3) Store in a container which does not induce static electric- 
ity. 

(4) Store without any physical load. 

(5) If semiconductor devices are stored for a long time, store 
them in the unfabricated form. If their lead wires are 
formed beforehand, bent parts may corrode during storage. 

(6) If the chips are unsealed, store them in a cool, dry, dark, 
and dustless place. Assemble them within 5 days after un- 
packing. Storage in nitrogen gas is desirable. They can be 
stored for 20 days or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpacked devices must not be 
stored for over 3 months. 

(7) Take care not to allow condensation during storage due to 
rapid temperature changes. 


4.2 Transportation 

As with storage methods, general precautions for other 
electronic component parts are applicable to the transporta- 
tion of semiconductors, semiconductor-incorporating units 
and other similar systems. In addition, the following considera- 
tions must be given, too: 


(1) Use containers or jigs which will not induce static electric- 


ity as the result of vibration during transportation. It is — 


desirable to use an electrically conductive container or 
aluminium foil. 

(2) In order to prevent device breakage from clothes-induced 
static eieciricity, workers shouid be properiy grounded with 
a resistor while handling devices. The resistor of about 1 M 
ohm must be provided near the worker to protect from 
electric shock. 

(3) When transporting the printed circuit boards on which 
semiconductor devices are mounted, suitable preventive 
measures against static electricity induction must be taken; 
for example, voltage built-up is prevented by shorting 
terminal circuit. When a belt conveyor is used, prevent the 
conveyor belt from being electrically charged by applying 
some surface treatment. 

(4) When transporting semiconductor devices or printed circuit 
boards, minimize mechanical vibration and shock. 


4.3 Handling for Measurement 

Avoid static electricity, noise and surge-voltage when semi- 
conductor devices are measured. It is possible to prevent break- 
age by shorting their terminal circuits to equalize electrical 
- potential during transportation. However, when the devices are 
to be measured or mounted, their terminals are left open to 
provide the possibility that they may be accidentally touched 
by a worker, measuring instrument, work bench, soldering iron, 
belt conveyor, etc. The device will fail if it touches something 


which leaks current or has a static charge. Take care not to. 


allow curve tracers, synchroscopes, pulse generators, D.C. 
stabilizing power supply units etc. to leak current through their 
terminals or housings. 

Especially, while the devices are being tested, take care not 





to apply surge voltage from the tester, to attach a clamping 
circuit to the tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 

During measurement, avoid miswiring and short-circuiting. 
When inspecting a printed circuit board, make sure that no 
soldering bridge or foreign matter exists before turning on the 
power switch. 

Since these precautions depend upon the types of semi- 
conductor devices, contact Hitachi for further details. 


-4.4 Soldering 


Semiconductor devices should not be left at high tempera- 
tures for a long time. Regardless of the soldering method, 
soldering must be done in a short time and at the lowest pos- 
sible temperature. Soldering work must meet soldering heat test 
conditions, namely, 260°C for 10 seconds and 350°C for 3 
seconds at a point 1 to 1.5 mm away from the end of the device 
package. 

Use of a strong alkali or acid flux may corrode the leads, 
deteriorating device characteristics. The recommended soldering 
iron is the type that is operated with a secondary voltage sup- 
plied by a ttansformer and grounded to protect from lead 
current. Solder the leads at the farthest point from the device 
package. 


4.5 Removing Residual Flux 
To ensure the reliability of electronic systems, residual flux 
must be removed from circuit boards. Detergent or ultrasonic 
cleaning is usually applied. If chloric detergent is used for the 
plastic molded devices, package corrosion may occur. Since 
cleaning over extended periods or at high temperatures will 
cause swollen chip coating due to solvent. permeation, select the 
type of detergent and cleaning condition carefully. Lotus 
Solvent and Dyfron Solvent are recommended. as a detergent. 
Do not use any trichloroethylene solvent. For ultrasonic clean- 
ing, the foiiowing conditions are advisabie: 
@ Frequency: 28 to 29 kHz (to avoid device resonation) 
e Ultrasonic output: 15W/2 
e@ Keep the devices out of direct contact with the power 
generator. 
@ Cleaning time: Less than 30 seconds 
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= PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 


OF 8-BIT/16-BIT MICROPROCESSOR H680SD200 loads a universal OS, CP/M-68K® developed 
H680SD200 is prepared as system development device to jointly with Digital Research Inc. and operates with the exist- 
develop software and hardware of various types of microcom- ing CP/M~. 
puter system. . 
Fig. 1 shows the program development procedure using this *CP/M© and CP/M-68K® are registered trademarks of Digital 
system development device. Research Inc. 


Source 
Program 
ne Coding 


CRT 
Editor 






Source 
Program 
Assembler 
; FORTRAN Only for 
coun Super PL/H (e000 
rocesso C Compiler for 
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and 68000 
Relocatable 
Object Program 
Linkage 
Editor 
Absolute 
Object 
Program 


Software 
Debug 


i 
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Fig. 1 Program Development Procedure 
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Table 1 System Development Equipment $D200 


a * Single user Operating System. 
_ CP/M-68K | . S680CPM3F 











| * Interface Program between the SD200 and the VAX-11. 


* File transfer function. 
* VT52 Terminal Emulation. 


Option 


- 68000 Assembler, C compiler, Screen editor and 
ent S680CLC3F 
Interface Program 7 


Linker are included. 
DATA 1/0 
EPROM Programmer S680CDI1F 
Interface Program 
PKW-1000/7000 - Interface Program between the SD200 and the 
EPROM Programmer S680CPK2F PKW-1000/7000 EPROM Programmer (Aval Corp. 
Interface Program Japan). 
FORTRAN S680CFRIF | * FORTRAN Compiler. (Subset of FORTRAN77) Option 
Super PL/H S680CPL1F | » Super PL/H Compiler. Option 
16-bit | | 
MPU °S : 
ymbolic Debugger for programs written in 68000 Ooti 
‘ t 
HD68000 Symbolic Debugger Assembler or Super PL/H. Z a 
: ; ee Supplied with 
| 64180ASE Realtime In-circuit Emulator for 64180. H180ASO01E 
8 bit 6305/63L05/6805 * 63052/63L05/6805 Macro Assembler. 
MPU/MCU | Macro Assembler S35XAS6-F | 1 inkage editor is included. Option 
6301/6801/6800 * 6301/6801/6800 Macro Assembler. Ooti 
- t 
Macro Assembler nner t * Linkage editor is included. sea 


6301 
C Compiler 















* Interface Program between the SD200 and the 
DATA 1/0 EPROM Programmer model 22/29. 






S680CSD2F 






$180CAS1 F 









S31CCLN-F | + C Compiler for 6301(6303). Option 
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Table 2 Cross System 


6305/63L05/6805 Assembler. 
6305/63L05/6805 * Object code is absolute address format. 
Assembler * Conditional assemble function. 










6305/63L05/6805 Assembler. 


CP/M 6305/63L05/6805 Object code is absolute address format. 
Assembler Conditional assemble function. 
6301/6801 Assembler. 
6301 Assembler Object code is absolute address format. 
8-bit MCU Conditional Assemble function. 
6301/6801 Assembler. 
CP/M 6301 Assembler Object code is absolute address format. 


Conditional Assemble function. 


6301 & * 6301 Macro Assembler. 

Macro Assembler SOO * Linkage Editor is included. 
IBM-PC PC-DOS 

6305 + * 6305 Macro Assembler. 

Macro Assembler Saal OSE * Linkage Editor is included. 
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Table 3 Third Parties’ Products 


Assemblers for HITACHI’s microcomputers are provided by products listed below. Please contact those venders directly if 
the other companies. Hitachi introduce some venders and their you have questions or requests to purchase these products. 





Vender Name : | OS/System Product Code 
6301 Assembler | ASM68 
6305 Assembler ASMO05 
6809 Assembler ASM69 
68000 Assembler © | ASM68K 
VAX11 
. 64180 Assembler ASM180 
64180 Simulator | INT180 
MICROTEC 
505W Olive, Suite 325 64180 C | MCC180 
Sunnyvale, CA94086 
(408)733-2919 U.S.A. 64180 Pascal PAS180 
6301 Assembler ASM68 
6305 Assembler | ASMO5 
1BM-PC . 
64180 Assembler ASM180 
64180 C MCC180 
64180 Pascal PAS180 
6301 Assembler 
CAMELOT ; 
79 London Road 
Knebworth Herts, IBM-PC 
SG3 6HG, 
England 6305 Assembler * 
Stevenage (0438) 812215 
6800/6801/6301 CP/M 
804 South State St. 
Dover, DE19901 co CP/M 
(302) 734-0151 6805 Assembler MS-DOS, CP/M-86 XASM-05 
U.S.A. mas 
6309/6809 CP/M 
. CP/M : 
64180 Assembler MS-DOS, CP/M-86 XASM-180 
MICROWARE SYSTEMS CORPORA- 6309/6809 _~—C =< 
TION Assembler 
5835 Grand Avenue : 
Dos Moines, !A50312 68000/68H C000 KCRS 
(512) 279-8844 U.S.A. Assembler 


*Under development 
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® Development System for 4-Bit, 8-Bit, and 16-Bit 

Microcomputers <H680S D200> 

The H680SD200 is a development system for Hitachi 4-bit, 
8-bit and 16-bit microcomputers. It is a desktop system in 
which a 16-bit microprocessor HD68000 is loaded as the CPU. 
Its standard system configuration includes a CRT, a keyboard, 
and two floppy disk drives. An assembler, compiler, and in- 
circuit emulator (ASE) associated with the user’s MCU are 
available as options. 


APPLICABLE DEVICES 

@ HMCS400 series 

@ HD6305U, HD6305V 

@® HD6301V, HD6301X, HD6301Y 

@ HD64180 

@ HD68000, HD68HCO000 

(Other 4-bit and 8-bit microcomputers will be supported in the 
future.) 


= FEATURES 

@ Adopts general CP/M-68K® operating system 

® Two internal 8 inch floppy disk drives (double-sided, double- 
density) and a 40M byte hard disk (available as an option) 


@ With connection of VAX-11® 


PROGRAM DEVELOPMENT AND SUPPORT SYSTEM 


make it possible to provide substantial external memory. 


@ Since CRT editor (screen editor) is included in the standard 


system, efficient programming, editing, and debugging of 
source programs are possible. 


® C compiler for HD68000 is included. FORTRAN and Super 


PL/H for HD68000 and C Compiler for HD6301 (HD6303) 
are available as options. 


@ User prototype system can easily be debugged using incircuit 


emulator (ASE) associated with the user’s MCU. 
to RS-232C interface, 
H680SD200 operates as VAX-11© (OS, VMS) work station. 


® When 2M byte memory board is connected, high-speed 


operation can be realized. 

Following interface are included 

(1) EPROM programmer 

(2) Printer (Centronics specification) 

(3) Serial interface emulator for 4-bit and 8-bit single chip 
microcomputers 


“cP/M® is a registered trade mark of Digital Research Inc. 
**V AX-11~ is a registered trade mark of Digital Equipment Corp. 





H680SD200 
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HD64180 THIRD-PARTY DEVELOPMENT TOOLS 


Product: Cross-Assemblers and Cross- -Compilers 


Company 


American Automation 


(714-731-1661) 


Microtec Research 


(408-733-2919) 
Avocet Systems 

(800-448-8500) 
2500AD Software 

(303-369-5001) 
BSO 


(617-894-7800) 


Sumitronics 
(408-737-7683) 

SLR Systems 
(800-833-3061) 

Uniware/SDS 
(312-971-8170) 


ASM = S/WSIM_ CCOMP PASCAL __—BASIC 


vi Vi vi 
vi vis vil 
clo 

cil 

V V V V 
V 

C 

V 


Softaid (ou 
(800-433-8812) 

Allen Ashley L 
(818-793-5748) 

{| =!IBM-PC, V= VAX, C=CP/M} 

Product: Support Tools 

Company Product Description 

Electronic Molding Shrink-DIP Adapter for Breadboarding 
(401-769-3800) P/N 28764-72-341 

Robinson Nugent Shrink-DIP Socket 
(812-945-0211) P/N TSS-6475-TNG 

Yamaiche/Nepenthe Shrink-DIP Socket P/N IC 38-64075-G4 
(415-856-9332) S-D Test Socket P/N IC 76-64075-G4 

Methode Electronics PLCC Adapter for Hitachi's ASE 
(312-392-3500) . 

TSI, Inc 64180 IBM-PC Card with DSD80 Remote 
(800-874-2288) Software Debugger 

Micromint 64180 Evaluation Board 
(800-635-3355) P/N SB180 

Product: Operating Systems 

Company Type of Operating System 

Echelon ZCPR3 (CP/M) 
(415-948-3820) 

JMI Software C Executive/80 Multi-Tasking Kernel 
(215-628-0840) 

Decmation Quick-Task Realtime Executive 
(408-980-1678) 

Hunter & Ready VRTX/80 Multi-Tasking Kernel (Z80) 
(415-326-2950) 

IPI MTOS/80 Multi-Tasking Kernel (280) 
(516-938-6600) 

Part Number Description 

H180ASE02 Adaptive System Evaluator, ASE-II 

H680SM01S 256K Byte Emulation Memory Board (Option) 

H180ABX 8 MHz Buffer Box for ASE-i User, 

Includes V2.0 System Software 
H180CP01 PLCC-68 MPU Adapter for 1 Mbyte 
Addressing (Option) 
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HD6802— 


MPU (Microprocessor with Clock and RAM) 


The HD6802 is a monolithic 8-bit microprocessor that con- : 
tains all the registers and accumulators of the present HD6800 HD6802P 
plus an internal clock oscillator and driver on the same chip. 
In addition, the HD6802 has 128 bytes of RAM on the chip 
located at hex addresses 0000 to 007F. The first 32 bytes of 
RAM, at hex addresses 0000 to OOIF, may be retained inalow  . 
power mode by utilizing Vcc standby, thus facilitating memory | 
retention during a power-down situation. | | 

The HD6802 is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. 
Hence, the HD6802 is expandable to 65k words. 


FEATURES 

On-Chip Clock Circuit 

128 X 8 Bit On-Chip RAM 

32 Bytes of RAM are Retainable 
Software-Compatible with the HD6800 
Expandable to 65k words 

Standard TTL-Compatible Inputs and Outputs 
8 Bit Word Size 

16 Bit Memory Addressing 

Interrupt Capability 

Compatible with MC6802 





® BLOCK DIAGRAM 


V Vec Vv 
ce Vcc Standby Vcc cc 
O O 





Counter/ 
Timer 1/O 





HES | a (Top View) 
Hoss46 «= | RW 
«—e} ROM, 1/0, B/W 
1/0 | 
pascal C1) Crystal 
Control 2 
ae . : it je 
th tr 
Vss 
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® ABSOLUTE MAXIMUM RATINGS 


item Symbol Value Unit 


Supply Voltage ys ets dby* -0.3 ~ +7.0 


Input Voltage Vin" -0.3 ~ +7.0 
Operating Temperature Tone -20 ~ +75 


Oo 


int V 
| Tope °C 
Storage Temperature -55 ~ +150 °C 


* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 
Item Symbol pmin | ve 


Vie" [0a [ =o 
Input Voltage Vint Except RES | 20 | - | Vcc V 
IH 
V 


oe ae 


* With respect to Vgg (SYSTEM GND) 


@ ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vcc =5.0V+5%, Vec Standby=5.0V+5%, Vsg=0V, Ta=-20~+75°C, unless otherwise noted.) 


Item = [Symbol | Test Condition | _min_|typ**| max_| Unit 
20 | = |Vvec | y 

RES : 4.25 | - | Vee | 
0.8 | 







input “High” Voltage 


Except RES 
Input ‘‘Low” Voltage 





Do~D,,€E 


Output “High” Voltage Ao~A,5, R/W, VMA 
BA 


ee oe 
ee wo Piste fo oe os |v 
Input Leakage Current Except Dy~D, **** | tin Vig = O~5.25V /-25 | — | 2.5 | uA _ 
Power Dissipation ee ee ee ee 
ae eee Vig=OV, Tar 25°C, eee NOIZE 
=1.oMitz res [10 
aa ° 
Output Capacitance ores R/W, BA, pt ae C, eece oF 


* In power-down mode, maximum power dissipation is less than 42mW. 
** T.=25°C, Vor =5V 
#©* As RES input has histeresis character, applied voltage up to 2.4V is regarded as ‘‘Low” level when it goes up from OV. 
**#** Does not include EXTAL and XTAL, which are crystal inputs. 
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@ AC CHARACTERISTICS (Vec=5.0V+5%, Voc Standby=5.0V15%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS . 


Item =e. Test Condition 
input Clock #4 eee 


reer 
P01 
Fie 2 fied | 1.0 | 
= 


Unit 


= 
< 
N 


Cycle Time 


“High” Level at 2 AV (Fig. 2, Fig. 3) 
pocrerdizeny om “Low” Level PWo. | at 0.8V (Fig. 2, Fig. 3) 
Clock Fall Time 0.8V ~ 2.4V(Fig.2,Fig.3) 


=| 
n 


Ce oO 
.~ 
a 


a 3 
” 


te 


2. READ/WRITE TIMING 


Item Symbol 
Fig. 2, Fig. 3, Fig. 6 


* 


< 
5) 


Address Delay 


| Symbol_ Emin _| L_max__| 
Peripheral Read Acces Tine Oo > ee ee 
Data Setup Time (Rend a ae ee 
input Data Hold Te 5 aes Semen, \ NON BE NS ea 
Output Data Hold Time TH RS. RN a 
Address Hold Time (Address, R/W, VMA) | ten =| Fig. 2, Fig 3 | 0 | - oT ns 
Dat Delay Time (Wr Seer ee eee : 
Bs Avalable Daa Fea Fi 8, FT Fe | = [= [280 
Preprocessor Control Setup Time [tees | Fig.a~rig.7.Fig12 | 200 | - | - | ns 
Processor Control Rise and Fall Time Fig. 4~Fig. 7, Fig. 12, p= | = | 100 | ne 
(Measured at 0.8V and 2.0V) tect Fig. 13, Fig. 16 


*Ta = 25°C, Voc = 5V 
3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 


item Symbol_| Test Condition |_min_| typ _ 
RAM Enable Reset Time (1) eae TS LO 

RAM Enable Reset Time (2) 
Reset Release Time tLres 


20" 
RAM Enable Reset Time (3) | Figs 12] 
ae ae ea 


Unit 
ns 


ms 
ns 
ns 
As 


Memory Ready Setup Time 
Memory Ready Hold Time 


“tres = 20 msec min. for S type, 50 msec min. for R type. 
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5.0V 


R, = 2.4ka 


Test Point C= 130pF for D, ~D,,E 


R/W 


Address 
From MPU 


VMA 


Data 
From Memory 
or Peripherals 


Address 
From MPU 


VMA 


Data 
From MPU 


= 9OpF for A, ~A,,, R/W, and VMA 
_= 30pF for BA 
Cc R R= 11k2 for D,~D,,E£ 
= 16k2 for A, ~A,,,R/W, and VMA 
= 24kQ for BA 
C includes stray Capacitance. 
All diodes are 1$2074 @ or equivalent. 


Figure 1 Bus Timing Test Load 


teyc 
PWot PWoH - 


2.4V 
0.4V 


a to 
2.4V ind 

B77 Hind 
jay Le a. 
2.4V TE 


tosr 





tad tace —— 


2.0V ; ae SAE 
=~ Data Valid 7 
: 0.8V . TT 
YZ; Data Not Valid 


Figure 2 Read Data from Memory or Peripherals 


teyc 


PWoL —— Pwo = 
2.4V 2.4V 


0.4V At 0.4Vv 0.4V 


LUZ 
Al bee oer 1 
cay Le iC“ CtCtC‘(;®:COUD 
nil 

ew 


tap 





topw cess (a paar =| 
. SMG, Data Valid | > 
0.4V a A 
Yot=40-»—-=- Data Not Valid 


Figure 3 Write Data in Memory or Peripherals 
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The Last Instruction Cycle Sa HALT Cycle 











~2.4V 
c 2.4 
rer 2.0V 
HALT 
0.8V 
t 
Pct cs 
BA 2.4V 
Figure 4 Timing of HALT and BA 
HALT Cycle | Instruction Cycle 
E 
0.4V 
HALT 2.0V 
0.8V 
tecs tea 
tec, 
BA 
0.4V 
Figure 5 Timing of HALT and BA 
MPU Reset _ MPU Restart Sequence 
2.4V 
: \_0.4V. 
— 4.25V | 
RES eeu 
| tecs tap 
tecr 
2.4V 
VMA 


Figure 6 RES and MPU Restart Sequence 
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WAIT Cycle or 
The Last Instruction Cycle 


HD6802 


Interrupt Sequence 









E 
IRQ, NMI 
BA 
Figure 7 tRQ and NMI Interrupt Timing 
The tast execution cycle of 
WAI instruction (#9) WAIT Cycle 
2.4V 
E 
tea 
2.4V 
BA 


Figure 8 WAI Instruction and BA Timing 


@ MPU REGISTERS 

A general block diagram of the HD6802 is shown in Fig. 9. 
As shown; the number and configuration of the registers are the 
same as for the HD6800. The 128 x 8 bit RAM has been 
added to the basic MPU. The first 32 bytes may be operated in a 
low power mode via a Voc standby. These 32 bytes can be 
retained during power-up and power-down conditions via the 
RE signal. 

The MPU has three 16-bit registers and three 8-bit registers 
available for use by the programmer (Fig. 10). 

@ Program Counter (PC) 

The program counter is a two byte (16-bit) register that 
points to the current program address. 
® Stack Pointer (SP) 

The stack pointer is a two byte (16-bit) register that contains 
the address of the next available location in an external 
push-down/pop-up stack. This stack is normally a random access 
Read/Write memory that may have any location (address) that 
is convenient. In those applications that require storage of 
information in the stack when power is lost, the stack must be 
non-volatile. 


@ Index Register (IX) 

The index register is a two byte register that is used to store 
data or a sixteen bit memory address for the Indexed mode of 
memory addressing. 

@ Accumulators (ACCA, ACCB) 

The MPU contains two 8-bit accumulators that are used to 
hold operands and results from an arithmetic logic unit(ALU). 
© Condition Code Register (CCR) 

The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative(N), Zero(Z), Over- 
flow(V), Carry from bit7(C), and half carry from bit3(H). These 
bits of the Condition Code Register are used as testable 
conditions for the conditional branch instructions. Bit 4 is the 
interrupt mask bit(I). The used bits of the Condition Code 
Register (B6 and B7) are ones. 

Fig. 11 shows the order of saving the microprocessor status 
within the stack. 
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Figure 9 Expanded Block Diagram 
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Figure 10 Programming Model of The Microprocessing Unit 
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Figure 11 Saving The Status of The Microprocessor in The Stack 
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® HD6802 MPU SIGNAL DESCRIPTION 

Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific functions 
and that other signal lines be monitored to determine the state 
of the processor. These control and timing signals for the 
HD6802 are similar to those of the HD6800 except that TSC, 
DBE, ¢,, ¢. input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added. 


RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready(MR) 

Voc Standby 

Enable ¢2 Output(E) 

The following is a summary of the HD6802 MPU signals: 

@ Address Bus (Ay ~ Aj5) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
® Data Bus (Dy ~ D-) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to $007F. External RAM at $0000 to $007F must be 
disabled when internal RAM is accessed. 
® HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 


To insure single instruction operation, transition of the 
HALT line must not occur during the last 250Ons of E and the 
HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 
© Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 
Write (“Low’) state. The normal standby state of this signal is 
Read (“High”). When the processor is halted, it will be in the 
logical one state (‘“‘High’’). 

This output is capable of driving one standard TTL load and 
90pF. 

e@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
© Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
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outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. 

@ Interrupt Request (IRQ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Low”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 
© Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 12 and Fig. 13 respectively. 








© Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 14 is a flowchart describing the 
major decision paths and interrupt vectors of the microproces- 
sor. Table 1 gives the memory map for interrupt vectors. 
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4.75V 








tLrRes 
RES 0.8V 
Option 1 
(See Note below) 
tLRES 
RES 0.8V 


Option 2 





See Figure 8 for 


t 
RE3 Power Down condition 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 12 Power-up and Reset Timing 


Machine 
on Halt 





Figure 13 Power-down Sequence 


Figure 14 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 


Vector 


MS LS Description 
FFFE FFFF | Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
FFFA FFFB Software Interrupt (SWI) 
FFF8 FFF9 Interrupt Request (TRQ) 


@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Voc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802 has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802 so that a 4MHz crystal may be used in 
lieu of a 1MHz crystal for a more cost-effective system. Pin39 of 
the HD6802 may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802. 

If an external clock is used, it may not be halted for more 
than 4.5us. The HD6802 is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 


HD6802 
Conditions for Crystal (4 MHz) 


@ AT Cut Parallel resonant 
@ Co =7 pF max. 
@® R, = 802 max. 


Cy 
Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 





Figure 15 Crystal Oscillator 


When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802. 

@ Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
Operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 16. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5yus. 





Figure 16 Memory Ready Control Function 
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@ Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ¢2 on the HD6800. 

@ Voc Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power up, power-down,; or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 


® MPU INSTRUCTION SET 

The HD6802 has a set of 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and stack 
mampuaen instructions. 

This instruction set is the same as that for the 
6800MPU(HD6800 etc.) and is not explained again in this 
data sheet. 


@ NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802 


In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cz, must be placed near 
the LSI as much as possible. 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 
oscillation may be disturbed when E signal is feedbacked to 
XTAL. 





The following design must be avoided. 


Must be avoided 





a = Signal A 
—|-——— -Signal B 









A signal line or a power source line must not cross or go near 
the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 10MQ. 


Signal C 


me 
Th 


Figure 17 Note for Board Design of the Oscillation Circuit 
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Other signals are not wired in this area. 


E signal is wired apart from 38 pin 
and 39 pin. 


(Top View) 


Figure 18 Example of Board Design Using the Crystal Oscillator 
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@ NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802 


- When HALT input signal is asserted to “Low” outputs the “High” level on the BA line. 

level, the MPU will be halted after the execution of When an interrupt request signal is input to the 
the current instruction except WAI instruction. MPU, the MPU accepts the interrupt regardless the 

The “Halt” signal is not accepted after the fetch “Halt” signal and releases the “WAIT” state and out- 
cycle of the WAI instruction (See @) in Fig. 19). In the puts the interrupt’s vector address. If the “Halt” signal 
case of the “WAI” instruction, the MPU enters the is “Low” level, the MPU halts after the fetch of new 
“WAIT” cycle after stacking the internal registers and PC contents. The sequense is shown below. 

WAI 


instruction | | | 


|Feten | | | | | | | | }-——— wait cycle ———+| 





Address }/ 
Bus A _ 


R/W i 7 \ iraaiapesmmioctanta 










Vector Vector New PC 
Address Address Address 


VMA 


a) 


If this cycle is at “Low” 
level, the next cycle is 
the Halt cycle 





When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at ‘‘Low’’ level. 






Figure 19 HD6802 WAIT CYCLE & HALT Request 
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MPU (Microprocessor with Clock and RAM) 


HD6802W is the enhanced version of HD6802 which con- 
tains MPU, clock and 256 bytes RAM. Internal RAM has been HD6802WP 
extended from 128 to 256 bytes to increase the capacity of 
system read/write memory for handling temporary data and 
manipulating the stack. 

The internal RAM is located at hex addresses 0000 to OOFF. 
The first 32 bytes of RAM, at hex addresses 0000 to 001F, may 
be retained in a low power mode by utilizing Vcc standby, 
thus facilitating memory retention during a power-down situa- 
tion. 

The HD6802W is completely software compatible with the 
HD6800 as well as the entire HMCS6800 family of parts. Hence, 








the HD6802W is expandable to 65k words. (DP-40) 
® FEATURES 
®@ On-Chip Clock Circuit 
@ 256 x 8 Bit On-Chip RAM = PIN ARRANGEMENT 
® 32 Bytes of RAM are Retainable 
@ Software-Compatible with the HD6800, HD6802 
@ Expandable to 65k words a = O 
@® Standard TTL-Compatible Inputs and Outputs me (31 
© 8 Bit Word Size Tro [41 
@ 16 Bit Memory Addressing vea (6) 
@ Interrupt Capability pe 
Vec 
Ay 
A, 
HD6802W 
= BLOCK DIAGRAM A, 
A, 
A, 
A, 
A, 
7 
Vcc Vcc Standby Vcc Vcc Ay 
eo OO OO \) e A, 
Ai 
A, 
Timer tO (Top View) 
RES a 
Parailel 
1/0 
CC Crystal 
Control { 
C, Cc, 
ir 
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A expanded block diagram of the HD6802W is shown in Fig. 
1. As shown, the number and configuration of the registers are 


MR 3 
E 37 
RES 40 |Program = + 
NMi 6 Counter H 
HALT 2 Clock a 
TRO 4 Instruction Stack 
EXTAL 39 ointer HH 
XTAL 38 index = 
BA 7 Register H/~ 
VMA 5 
RW 34 





instruction 
| Register 


Data | 
Buffer 


2 27 28 29 #30 «31 
Vec =Pins 835 0, DO, 0, OD, OD, OD, 
Vss * Pins 1,21 


32 33 
0, Dy 








the same as the HD6802 except that the internal RAM has been 
extended to 256 bytes. 


1}22 | 


36 RAM Enabie 


Accumulator 
A 
Accumulator 
8 


Cendition 
Code 
Register 


Figure 1 Expanded Block Diagram 


Address Map of RAM is shown is Fig. 2. 

The HD6802W has 256 bytes of RAM on the chip located 
at hex addresses 0000 to OOFF. The first 32 bytes of RAM, at 
hex addresses 0000 to 001F, may be retained in a low power 





mode by utilizing Vcc standby and setting RAM Enable Signal 
“Low” level, thus facilitating memory retention during a 
power-down situation. 


retention by Vcc Standby 


——~ 


Figure 2 Address Map of HD6802W 
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® ABSOLUTE MAXIMUM RATINGS 


Vec 


input Voton y 
Operating Temperature Tope °C 
Storage Temperature Tei “¢ 


* With respect to Vsg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


# RECOMMENDED OPERATING CONDITIONS 


, 4.7 
S 2 5.25 Vv 


Vec Standby * 


Vin | 


Supply Voltage 


O 


Input Voltage . Except RES 


Operation Temperature | Vopr | 


* With respect to Vsg (SYSTEM GND) 


m ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vec=5.0V+5%, Vec Standby=5.0V+5%, Vss=0V, Ta=-20~+75°C, unless otherwise noted.) 


item | Symbol | TestCondition | min _|typ* | max | Unit 

V 
ee eee jExceptRES |" 88 Eo ; 

RES 

lon = -205uA [24 | - | - | 

BA lon = ~100KA eae es 
Output ‘‘Low” Voltage VoL lo. = 1.6mMA p - | - | 04 | Vv 
i Lata Cac Except 0570) | in | Vy = 0-828V BP | 8 Pa 
Power Dissipation 5 ce 
ener é VinOV, T=25°C, | — | 10 | 125] 
ss o | omit pes 10 
ouput Cap mae MOR To | mere T - | - [oe Po 


* T,=25' C, Vor =5V 
** As RES haut hae histeresis character, applied voltage up to 2.4V is regarded as ‘’Low” level when it goes up from OV. 
*** Does not include EXTAL and XTAL, which are crystal inputs. 


**** In power-down mode, maximum power dissipation is less than 42mW. 
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@ AC CHARACTERISTICS (Vcc =5.0V+5%, Voc Standby=5.0V5%, Vgg=O0V, Ta=-20~+75°C, unless otherwise noted.) 
1. CLOCK TIMING CHARACTERISTICS | 


ten [Symbot | Test Condition 
Crystal Frequency | tera | 


Clock Pulse Width == “Low” Level at 0.8V (Fig. 4, Fig. 5) 


Clock Fall Time 0.8V ~ 2.4V (Fig.4,Fig5) 








2. READ/WRITE TIMING 


| item Symbol] Test Condition __ 
Address Delay | tan |Fig.4,Fig.5,Fig. 8 | 


a 


RO 
Sw 
© 


typ” 


Peripheral Read Access Time _ acc Fig 4 = = ss 
Data Setup Time (Read) tosr 
input Data Hold Time t 
Output Data Hold Time t 
Address Hold Time (Address, R/W, VMA) 


Data Delay Time (Write) toow |Fig. 5 
Fig. 6, Fig. 7, Fig. 9, Fig. 10 


|Fig. 6 ~ Fig. 9, Fig. 11 


Fig. 6 ~ Fig. 9, Fig. 11, Fig. 12, 
Fig. 14 


i 
a 
c 
b 


TE mn 
© };e 
Oi! & 


H 
H 





| Bus Available Delay 


Processor Controls 
Processor Control! Setup Time 
Processor Control Rise and Fall Time tpcr, 
(Measured at 0.8V and 2.0V) tecs 


-* 
> 









* Ta= 25°C, Vcc = 5V 


3. POWER DOWN SEQUENCE TIMING, POWER UP RESET TIMING AND MEMORY READY TIMING 


RAM Enable Reset Time(1) | trey =| CF 12 | tt | —- | 
RAM Enable Reset Time (2) ig. }E-3 cycles) — | — | 


Reset Release Time | 20 | — | - | 


RAM Enable Reset Time (3) 
Memory Ready Setup Time 





Memory Ready Hold Time 
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‘= 
an, 


ne} 
) > 

NO 

a| 

8B 


Unit 


MHz 


ns 


=] 
7) 


Unit 
ms 
ns 
ns 
ns 
ns 
ns 
ns 

ns 


ns 


ns 


Unit 


ns 





R/W 


Address 
From MPU 


VMA 


Data 
From Memory 
or Peripherals 


Address 
From MPU 


VMA 


Data 
From MPU 


() 4 


2.4V 


HD6802W 





5.0V 
Ry, = 2.4k2 
Test Point C= 130pF forD,~D,,E 
= 9OpF for A, ~A,,, R/W, and VMA 
= 30pF for BA 
C R R = 11kQ for D, ~D, ,E 
= 16k2 for A. ~A.., R/W, and VMA 
= 24kQ for BA 
C includes stray Capacitance. 
All diodes are 12074) or equivalent. 
Figure 3 Bus Timing Test Load 
teyc 
PWor PWo 
¢ . * 4v 
0.4V 0.4v -0, a 
2.4V -_ fs 
2.4V 


UT i" 
RIS a a en EN SEE 


- ee UE | i MY, 


tH 
tosr 


ZLiij4 Data Valid V7 
BV «4 \eiainmmpnaniperanscsceanmaeaenaul 


tad tacc 


iA Data Not Valid 


0.4V 


< 4 \/ 
0.4V 
2.4V 





ee ieee 
Wie a 
sae pence 


Figure 4 Read Data from Memory or Peripherals 


teyc 
PWo, PWoOH 


eee eee eee LWW? 


er LLL. 


tap tH 





—— 
"aay Md Data Valid | 
i eT a 


VZZLLLZA Data Not Valid 


Figure 5 Write Data in Memory or Peripherals 
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HALT Cycle 






The Last Instruction Cycle . 





—2.4V 
E 
Semen 2.0V 
HALT 
0.8V 
taf | totaal 
PCt ‘6 
BA 2.4V 
Figure 6 Timing of HALT and BA 
HALT Cycle _ . Instruction Cycle 
E 
0.4V 
HALT 2.0V 
0.8V 
t tecs tea 
PCr 
BA 
0.4V 
Figure 7 Timing of HALT and BA 
MPU Reset MPU Restart Sequence 
2.4V 
E 0.4V 
ecoaint Vcc —0.75V 
RES oe 
0.8V 
tecs tap 
tecr 
4V 
VMA : 


Figure 8 RES and MPU Restart Sequence 
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WAIT Cycle or 


The Last Instruction Cycle Interrupt Sequence 





2.4V 
E 
gaat: a tekee 2.0V 
IRQ, NM 
: ; 0.8V 
tecr tea 
(When WAIT Cycle) 
\ 
BA 0.4V 
Figure 9 !RQ and NMI Interrupt Timing 
The last execution cycle of 
WAI instruction (#9) WAIT Cycle 
2.4V 
E 
tea 
2.4V 
BA 


Figure 10 WAI Instruction and BA Timing 
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® HD6802W MPU SIGNAL DESCRIPTION 


@ Address Bus (Ay ~ A;5) 

Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90pF. 
© Data Bus (Dy ~ D;) 

Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of driving 
one standard TTL load and 130pF. . 

Data Bus will be in the output mode when the internal RAM 
is accessed. This prohibits external data entering the MPU. It 
should be noted that the internal RAM is fully decoded from 
$0000 to SOOFF. External RAM at $0000 to $OOFF must be 
disabled when internal RAM is accessed. 

@ HALT 

When this input is in the “Low” state, all activity in the 
machine will be halted: This input is level sensitive. 

In the halt mode, the machine will stop at the end of an 
instruction. Bus Available will be at a “High” state. Valid 
Memory Address will be at a “Low” state. The address bus will 
display the address of the next instruction. 


To insure single instruction operation, transition of the 
HALT line must not occur during the last tpcg of E and the 
HALT line must go “High” for one Clock cycle. 

HALT should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. 

@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (“High”) or 
Write (“Low”) state. The normal standby state of this signal is 
Read (“High’’). When the processor is halted, it will be in the 
logical one state (“High’’). 

This output is capable of driving one standard TTL load and 
90pF. 

@ Valid Memory Address (VMA) 

This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this signal 
should be utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three-state. One standard TTL 
load and 90pF may be directly driven by this active high signal. 
@ Bus Available (BA) 

The Bus Available signal will normally be in the “Low” state. 
When activated, it will go to the “High” state indicating that the 
microprocessor has stopped and that the address bus is available 
(but not in a three-state condition). This will occur if the HALT 
line is in the “Low” state or the processor is in the wait state 
as a result of the execution of a WAI instruction. At such time, 
all three-state output drivers will go to their off state and other 
outputs to their normally inactive level. 

The processor is removed from the wait state by the 
occurrence of a maskable (mask bit I=0) or nonmaskable 
interrupt. This output is capable of driving one standard TTL 
load and 30pF. a, 

@ Interrupt Request (IRQ) 
This level sensitive input requests that an interrupt sequence 





be generated within the machine. The processor will wait, until 
it completes the current instruction that is being executed 
before it recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the machine 
will begin an interrupt sequence. The index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
away on the stack. Next the MPU will respond to the interrupt 
request by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit address 
will be loaded that points to a vectoring address which is located 
in memory locations FFF8 and FFF9. An address loaded at 
these locations causes the MPU to branch to an interrupt 
routine in memory. 

The HALT line must be in the “High” state for interrupts to 
be serviced. Interrupts will be latched internally while HALT is 
“Tow”. 

A 3kQ external register to Vcc should be used for wire-OR 
and optimum control of interrupts. 

@ Reset (RES) 

This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is “Low”, the 
MPU is inactive and the information in the registers will be lost. 
If a “High” level is detected on the input, this will signal the 
MPU to begin the restart sequence. This will start execution of a 
routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced “High”. For the 
restart, the last two(FFFE, FFFF) locations in memory will be 
used to load the program that is addressed by the program 
counter. During the restart routine, the interrupt mask bit is set 
and must be reset before the MPU can be interrupted by IRQ. 
Power-up and reset timing and power-down sequences are 
shown in Fig. 11 and Fig. 12 respectively. 


© Non-Maskable Interrupt (NMI) 

A low-going edge on this input requests that a non-mask- 
interrupt sequence be generated within the processor. As with 
the IRQ signal, the processor will complete the current 
instruction that is being executed before it recognizes the NMI 
signal. The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

The Index Register, Program Counter, Accumulators, and 
Condition Code Register are stored away on the stack. At the 
end of the cycle, a 16-bit address will be loaded that points to a 
vectoring address which is located in memory locations FFFC 
and FFFD. An address loaded at these locations causes the 
MPU to branch to a non-maskable interrupt routine in memory. 
A 3kQ external resistor to Vcc should be used for wire-OR 
and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that are 
sampled when E is “High” and will start the interrupt routine 
on a “Low” E following the completion of an instruction. IRQ 
and NMI should be tied “High” if not used. This is good en- 
gineering design practice in general and necessary to insure 
proper operation of the part. Fig. 13 is a flowchart describing 
the major decision paths and interrupt vectors of the micro- 
processor. Table 1 gives the memory map for interrupt vectors. 
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4.75V 


gh Hed eae ta Pee Ne Hea eal 
| ie stage >Vec-0.75V 














tLRES 
RES 0.8V 
Option 1 
(See Note below) 
tLRES 
RE 
0.8V 
Option 2 
See Figure 12 for 
t 
RE3 Power Down condition 
He 2.0V 
0.8V 
tpcr 


(NOTE) If option 1 is chosen, RES and RE pins can be tied together. 


Figure 11 Power-up and Reset Timing 










| FFE, FFFF | 





Machine 
on Halt 





Figure 12 Power-down Sequence 


Figure 13 MPU Flow Chart 
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Table 1 Memory Map for Interrupt Vectors 


MS Vector LS Description 
FFFE FFFF Restart (RES) 
FFFC FFFD Non-Maskable Interrupt (NMI) 
FFFA FFFB Software Interrupt (SWI) 
FFF8 FFF9 Interrupt Request (TRO) 


@ RAM Enable (RE) 

A TTL-compatible RAM enable input controls the on-chip 
RAM of the HD6802W. When placed in the “High” state, the 
on-chip memory is enabled to respond to the MPU controls. In 
the “Low” state, RAM is disabled. This pin may also be utilized 
to disable reading and writing the on-chip RAM during a 
power-down situation. RAM enable must be “Low” three cycles 
before Voc goes below 4.75V during power-down. 

RE should be tied to the correct “High” or “Low” state if 
not used. This is good engineering design practice in general and 
necessary to insure proper operation of the part. 

@ EXTAL and XTAL 

The HD6802W has an internal oscillator that may be crystal 
controlled. These connections are for a parallel resonant 
fundamental crystal (AT cut). A divide-by-four circuit has been 
added to the HD6802W so that a 4MHz crystal may be used in 
lieu of a 1MHz crystal for a more cost-effective system. Pin39 of 
the HD6802W may be driven externally by a TTL input signal if 
a separate clock is required. Pin38 is to be left open in this 
mode. 

An RC network is not directly usable as a frequency source 
on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the HD6802W. 

If an external clock is used, it may not be halted for more 
than 4.5us. The HD6802W is a dynamic part except for the 
internal RAM, and requires the external clock to retain 
information. 





Conditions for Crystal (4 MHz) 


@ AT Cut Parallel resonant 
@ Cy =7 pF max. 
@® R, = 8022) max. 


Cy 
Crystal Equivalent Circuit 


Recommended Oscillator (4MHz) 


39 pin 
C, 






HD6802W 
Crystal 
38 pin 


C, = C, = 22pF +,20% 


When using the crystal, see the note for Board Design of the 
Oscillation Circuit in HD6802W. 
® Memory Ready (MR) 

MR is a TTL compatible input control signal which allows 
stretching of E. When MR is “High”, E will be in normal 
operation. When MR is “Low”, E may be stretched integral 
multiples of half periods, thus allowing interface to slow 
memories. Memory Ready timing is shown in Fig. 14. 

MR should be tied “High” if not used. This is good 
engineering design practice in general and necessary to insure 
proper operation of the part. A maximum stretch is 4.5ps. 





Figure 14 Memory Ready Control Function 
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@ Enable (E) 

This pin supplies the clock for the MPU and the rest of the 
system. This is a single phase, TTL compatible clock. This clock 
may be conditioned by a Memory Ready Signal. This is 
equivalent to ¢, on the HD6800. 
®@ Voc Standby 

This pin supplies the dc voltage to the first 32 bytes of RAM 
as well as the RAM Enable (RE) control logic. Thus retention of 
data in this portion of the RAM on a power-up, power-down, or 


standby condition is guaranteed at the range of 4.0 V to 5.25 V. 


Maximum current drain at 5.25V is 8mA. 





The following design must be avoided. 


Must be avoided 


—}- — — Signal A 






Signal C 


—-—-}-——|-— — ‘Signal B 


, 
Pa. 


HD6802W 


[ 


HD6802W 


= MPU INSTRUCTION SET 

The HD6802W has a set of 72 different instructions. 
Included are binary and decimal arithmetic, logical, shift, rotate, 
load, store, conditional or unconditional branch, interrupt and 
stack manipulation instructions. 

This instruction set is the same as that for the 


6800MPU (HD6800 etc.) and is not explained again in this 
data sheet. 


= NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT IN HD6802W 
In designing the board, the following notes should be taken 
when the crystal oscillator is used. 


Crystal oscillator and load capacity Cy must be placed near 
the LSI as much as possible. 


Normal oscillation may be disturbed when external noise is 
induced to pin 38 and 39. 


Pin 38 signal line should be wired apart from pin 37 signal 
line as much as possible. Don’t wire them in parallel, or normal 


oscillation may be disturbed when E signal is feedbacked to 
XTAL. 


A signal line or a power source line must not cross or go near 


the oscillation circuit line as shown in the left figure to prevent 
the induction from these lines and perform the correct 


oscillation. The resistance among XTAL, EXTAL and other pins 
should be over 10MQ. 


Figure 15 Note for Board Design of the Oscillation Circuit 
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E signal is wired apart from 38 pin 
we and 39 pin. 





HD6802W 


(Top View) 


Figure 16 Example of Board Design Using the Crystal Oscillator 
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® NOTE FOR THE RELATION BETWEEN WAI INSTRUCTION AND HALT OPERATION OF HD6802W 


When HALT input signal is asserted to “‘Low” 
level, the MPU will be halted after the execution of 
the current instruction except WAI instruction. 

The “Halt” signal is not accepted after the fetch 
cycle of the WAI instruction (See @) in Fig. 17). In the 
case of the “WAI’ instruction, the MPU enters the 
“WAIT” cycle after stacking the internal registers and 


WAI 
instruction 


Niece ee es a 


Address 
Bus ’ 


RiW 


VMA 


aD) 


When the interrupt occurs during the WAIT CYCLE, the MPU accepts the interrupt even if HALT is at ‘Low’ level. 


outputs the “High’”’ level on the BA line. 

When an interrupt request signal is input to the 
MPU, the MPU accepts the interrupt regardless the 
“Halt” signal and releases the “WAIT” state and out- 
puts the interrupt’s vector address. If the “Halt” signal 
is “Low” level, the MPU halts after the fetch of new 
PC contents. The sequense is shown below. 





Vector Vector New PC 
Address Address Address 









If this cycle is at “Low” 
level, the next cycle is 
the Halt cycle 





Figure 17 HD6802W WAIT CYCLE & HALT Request 
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- HD6803, HD6803-1— 
MPU (Micro Processing Unit) — 


The HD6803 MPU is an 8-bit micro processing unit which , 
is compatible with the HMCS6800 family of parts. The HD6803 | HD6803P 
MPU is object code compatible with the HD6800 with improved HD6803P-1 
execution times of key instructions plus several new 16-bit and 
8-bit instruction including an 8 x 8 unsigned multiply with 
16-bit result. The HD6803 MPU can be expanded to 65k bytes. 
The HD6803 MPU is TTL compatible and requires one +0.5 
volt power supply. The HD6803 MPU has 128 bytes of RAM, 
Serial Communications Interface (S.C.I.), and parallel 1/O as 
well as a three function 16-bit timer. Features and Block 
Diagram of the HD6803 include the following: 


FEATURES 

Expanded HMCS6800 Instruction Set 

8 x 8 Multiply 

On-Chip Serial Communications Interface (S.C.1.) 
Object Code Compatible with The HD6800 MPU 
16-Bit Timer 

Expandable to 65k Bytes _ 

Multiplexed Address and Data 


128 Bytes of RAM (64 Bytes Retainable On Power 
Down) 

















@® 13 Parallel I/O Lines Pp 
@ Internal Clock/Divided-By-Four rs : 
® TTL Compatible Inputs and Outputs Pa HD6803 D6/Ag 
® Interrupt Capability Pa D7/A; 
@ Compatible with MC6803 and MC6803-1 Pie As 
Pio Ay 
Pi Ato 
® BLOCK DIAGRAM P, Au 
Py Ai 
Pia Ais 
Pi. Ais 
Pie Aus 
Piy 2Y Vcc Standby 
Do/Ac (Top View) 
B: /Ay 
D/A: Address / 
2/As ress 
Beatz] Dats 
De/Ac Buffers 
D?/A? 
R/W 
Ss 
a p 
® 10 
Aro Address P» = _ TYPE OF PRODUCTS 
ve Address P.; imi 
i Buffers Pie Bus Timing 
is Pis 
1s pte 
ms HD6803-1; 1.25MHz 
Vee Standby 
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HD6803 


® ABSOLUTE MAXIMUM RATINGS 


ven on 
Supply Votes V 
Operating Temperature Toe a 
Storage Temperature c 


* With respect to Vss (SYSTEM GND) : 
[NOTE] Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5.0V+5%, Vsg = OV, Ta = 0~+70°C, unless otherwise noted.) 


tem [Symbor] Test Condition | min[ typ [max | Unit 
; 
[Other Inpute™ Vee 


Input “Low” Voltage All Inputs” 








APU ENON, MONI: Ores Inputs * pv fo 


Input Load Current mA 





Input Leakage Current | NMI, IRQ,, RES Lal | Vin = 0 ~ 5.25V 


Three State (Offset Pio~ Pi7, Do /Ag~ D/A 
) 10~ Fiz, Vo/Ag~ D/A, Ilsil | Vin = 0.5 ~ 2.4V 
Leakage Current P0 oe Pr4 


cc 
2.0" 
[03 
=a 
| - | 
fag 
rg 
Do ~ D3/A; Tone = 206 0A _| 3a 
| 2.4 | 
| 2.4 | 
=a 
| 1.0 | 
ee 
ii 
en 
cu 


LA 


Vin 
Viv 
Output “High” Voltage | As ~ Ais, E, R/W, AS Von | lroapn = -145 HA 
Other Outputs lLoap = -100 uA 
Vor 
in 
Vses 


mA 
mw 


Darlington Drive Current} Pio ~ P,> Vout = 1.5V 


Do/Ao og D+/A, Cc Vin - OV, Ta= 25°C, 
Other Inputs f = 1.0 MHz 


pce: Sef 


Power Dissipation 


Input Capacitance pF 


Output “Low” Voltage | All Outputs Vow | lLoap = 1.6mMA 


Operating Vsp 


Standby Current Powerdown Vsee = 4.0V =| 


*Except Mode Programming Levels. 


< 


mA 
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HD6803: 


® AC CHARACTERISTICS 
BUS TIMING (Vcc =5.0V + 5%, Vs = OV, Ta =0~ +70°C, unless otherwise noted.) 


Test 


Item a ‘Symbol! | Condi- Aleta iat Unit 
= tion | min | typ | max| min] typ] max] 

Gye Time [aT - | 1] os) -[ 0] os 
Address Strobe Pulse Width “High” * PWasny | 200} - | - | 150) - | - ns 
Address Strobe Rise Time | tas | | 5} —- | 50} 5/ — | 50] nos 
Address Strobe Fall Time | tase | | 5{—- | 50{ 5{ -—]| 50] ns 
Address Strobe Delay Time * | | tasp | eo; - | — | 30} -] - | ns 
Enable Rise Time rte | [8] -| so] 5] -| 60] 
Enable Fall Time “ees [s{- | so] 5] -| 60] re 
Enable Pulse Width “High” Time * | PWen | | 450} — | — | 340] -— | — | os 
Enable Pulse Width “Low” Time * [| PWer | }450{ —- | — | 350] - | — | ns 
Address Strobe to Enable Delay Time * | eof — | - | 30] -| - | ns 
Address Delay Time ie P= [= | 260} = [= | 260 | 1s 
Address Delay Time for Latch * | taor | | — | — | 270] — | — | 260 ns 
Data Set-up Write Time | tosw | 225 | — | — | 115] -— | — | ns 
Data Setup Read Time Vtom | [eo{-|-| | -|-| os 
Data Hold Time — ns 

| Write tw | 20; - | - | 2] -| - | 
Address Set-up Time for Latch * E tas. | Sy BS SH ns 
Address Hold Time for Latch | | . | 207 - | ~ | 2] -] - | ns 
Address Hold Time ta) eae le ok ee) oe 
Peripheral Read Access Time (Multiplexed Bus)* | (taccm) | — | — | (600) - | — | (420) ns 
Oscillator stabilization Time | tac | Fig.8 | 100 — | — | 100] -— | —- | ms 
Processor Control Set-up Time | tecs | Fig.7,8] 200 | — | — [| 200] -| — | ns__ 
“These timings change in approximate proportion to teyc- The figures in this characteristics represent those when teyc is Minimum 
(= in the highest speed operation). 

PERIPHERAL PORT TIMING (Vcc = 5.0V + 5%, Vsg = OV, Ta= 0 ~ +70°C, unless otherwise noted.) 

item | _Svmbat_| Test Gondition [min | typ | max | Uni 
Peripheral Data Setup Time a ae a ee ih 
Peripheral DataHold Time [Pot .2 | tron | Fig.2 | 200 | - | - | m 
Delay Time, Enable Negative 
gover [= | [-[-[ls 
Valid 


* Except P., 
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TIMER, SCI TIMING (Vcc = 5.0V +5%, Vgg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Timer Input Pulse Width | tewr | tee #200) - | 


Delay Time, Enable Positive Transition to ‘ 
Timer Out me 


SCI Input Clock Pulse Width | tewsxe | ss | 4 OT 


MODE PROGRAMMING (Vcc = 5.0V +5%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


fem [symbot[ Test Condition | min] wp_[ max_| 

Mode Programming Input “Low” Voltage er eee it der 
Mode Programming Input “High” Voltage P4006 vl fl 
RES “Low” Pulse Width cre ie a 
Mode Programming Set-up Time | tues | | 20 | - | - | 
“Mode Programming RES Rise Time 2 1us fo | - j - | 
ae a a 


Hold Time RES Rise Time < lps 


teye 





Address Strobe 
(AS) 
2.4V 
Enable 
(E) 
0.5V 
R/W Aa~Ass 
-——— ‘pew 
MPU Write 
Do/Aa~D:/A; ( ee) Data Vaid )- 
(Port 3) 0.6V 
j——" aoe eo OBR tHA 
2.0V 
MPU Read naarels Data Valid 
Dy /Ao ~ 07 /A; Valid 
(Port 3) 0.6V 0.8V 


em (tanec 


Figure 1 Expanded Multiplexed Bus Timing 
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ns 


teye 
tseyc 


Unit 
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HD6803 


[ MPU Write 








Enable (E) 
Enable (E) 
P~P,, All Data 
Pig P, Port Outputs 
| “Not applicable to P,, 
Figure 2 Data Set-up and Hold Times | Figure 3 Port Data Delay Timing 
~ (MPU Read) (MPU Write) | 

Enable (E) 

Counter _ Matched 

j Mode Inputs __ 
(P,g. Pay, Ps, 
P, i) 
Output 





Figure 5 Mode Programming Timing 


Figure 4 Timer Output Timing 


Vec 


R, =2.2k0 
Test Po:nt 
1$2074 (HI 
or Equiv 


C = 90PF for Do/Ag ~ D4/A7, Ag ~ Ais, E, AS, RW 
= 30 pF for Pip om Pi, Poy as Pog 
R = 12k for Do/Ag ~ D7/A7, Ag ~ Ais, E, AS, RW 
= 24k for Pio ome Py, P49 me, Pog 
TTL Load 


Figure 6 Bus Timing Test Load 
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HD6803 


#7 #10 #11 #12 














ats 








Paes eee oe 





Cycle 
Last Instruction #1 


Enable (E) 


1-Bit Set 


Internal 
p> i) Gl) > > a > Ce Ge > GD > GP aa Ga GS 
Op Code OpCode SPin) SP(n-1) SPin-2)  SP(n-3)  SPin-4) SP(n-5) SPin-6) SPin-7) Vector Vector New PC 
Addr Addr MSB Addr LSB Addr Address 


(RQ, 
Pcs 


NMI or IRQ, * 





—— | KK wcs 


Internal 
Beis 0? SED GelS GS GED CEE CH CP GS Gy CH GHP EP GED GH GED cae 
Op Code Op Code PCO~PC7? PC8~PC1I5 x0~x7 X8~X15 ACCA ACCB C Irrelevant Vector vee First Inst. o 
Ls 


Data MSB interrupt Routine 





Internal R/W 


* IRQ, ; Internal interrupt Figure 7 Interrupt Sequence 


—— 5.25V 
Voc 4.75V e ; 
tac tecs PCS 
a 0.8V 
grou Gus DM RNNANANUNANNAAANALANAANLLNY GD, DGG GND, GED, GED. iD GES ND, ETE 
Address Bus FFFE FFE FFFE FFFE FFFF New PC FFFE FFFE 


internal 
Data Bus 
PC8~PC15 PCO~PC7 First 


instruction 


MANA] Not Valid 
Figure 8 Reset Timing 
@ SIGNAL DESCRIPTIONS Nominal Crystal Parameter 


@ VCC and Vss 

These two pins are used to supply power and ground to the 
chip. The voltage supplied will be +5 volts +5%. 
@ XTAL and EXTAL 

These connections are for a parallel resonant fundamental 
crystal, AT cut. Devide-by-4 circuitry is included with the 
internal clock, so a 4 MHz crystal may be used to run the 
system at 1 MHz. The devide-by-4 circuitry allows for use of the co C_1 = C.2 = 22pF + 20% 
inexpensive 3.58 MHz Color TV crystal for non-time critical (3.2 ~ 5 MHz) 
applications. Two 22pF capacitors are needed from the two [NOTE] AT cut parallel 
crystal pins to ground to insure reliable operation. An example EXTAL resonance parameters 
of the crystal interface is shown in Fig. 9. EXTAL may be 
driven by an external TTL compatible source with a 45% to Cig 04 
55% duty cycle. It will devided by 4 any frequency less than Je an 
or equal to 5 MHz. XTAL must be grounded if an external 


clock is used. Figure 9 Crystal Interface 





XTAL 
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@ Vec Standby . 

This pin will supply +5 volts +5% to the standby RAM on the 
chip. The first 64 bytes of RAM will be maintained in the power 
down mode with 8 mA current max. The circuit of figure 13 
can be utilized to assure that Voc Standby does not go below 
Vspp during power down. 

To retain information in the RAM during power down the 
following procedure is necessary: 

1) Write “O” into the RAM enable bit, RAME. RAME is bit 

6 of the RAM Control Register at location $0014. This 
disables the standby RAM, thereby protecting it at power 
down. 

2) Keep Vcc Standby greater than Vspp. 


Vec Standby Power Line 


tr 


Figure 10 Battery Backup for Vcc Standby 


@ Reset (RES) 

This input is used to reset and start the MPU from a power 
down condition, resulting from a power failure or an initial 
startup of the processor. On power up, the reset must be held 
‘“‘Low” for at least 100 ms. When reset during operation, RES 
must be held “Low” at least 3 clock cycles. 

When a “High” level is detected, the CPU does the follow- 
ing; 

1) All the higher order address lines will be forced “High”. 

2) 1/O Port 2 bits, 2, 1, and O are latched into programmed 

control bits PC2, PC1 and PCO. 

3) The last two ($FFFE, $FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

4) The interrupt mask bit is set. Clear before the CPU can 
recognize maskable interrupts. 

@ Enable (E) 

This supplies the external clock for the rest of the system 
when the internal oscillator is used. It is a single phase, TTL 
compatible clock, and will be the divide-by-4 result of the 
crystal oscillator frequency. It will drive one TTL load and 90 
pF capacitance. 

@ Non-Maskable interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As with interrupt Request signal, the processor will complete 
the current instruction that is being executed before it recognizes 
the NMI signal. The interrupt mask bit in the Condition Code 
Register has no effect on NMI. 

In response to an NMI interrupt, the Index Register, Program 
Counter, Accumulators, and Condition Code Register are stored 
on the stack. At the end of the sequence, a 16-bit address will 
be loaded that points to a vectoring address located in memory 
locations $F FFC and $FFFD. An address loaded at these loca- 
tions causes the CPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3 kQ external resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ, and NMI are hardware interrupt lines that are 
sampled during E and will start the interrupt routine on the 


E following the completion of an instruction. 


® interrupt Request (IRQ, ) 

This level sensitive input requests that an interrupt sequence 
be generated within the machine. The processor will complete 
the current instruction before it recognizes the request. At 
that time, if the interrupt mask bit in the Condition Code 
Register is not set, the machine will begin an interrupt se- 
quence. The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored on the stack. Next the 
CPU will respond to the interrupt request by setting the inter- 
rupt mask bit “High” so that no further maskable interrupts 
may occur. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located 
in memory locations $FFF8 and $FFF9. An address loaded 
at these locations causes the CPU to branch to an interrupt 
routine in memory. 

The IRQ, requires a 3.3 kQ external resistor to Vcc which 
should be used for wire-OR and optimum control of interrupts. 
Internal Interrupts will use an internal interrupt line (IRQ2). 
This interrupt will operate the same as IRQ, except that it will 
use the vector address of $FFFO through $FFF7. IRQ, will 
have priority to IRQ, if both occur at the same time. The 
Interrupt Mask Bit in the condition code register masks both 
interrupts (See Table 1). 


Table 1 Interrupt Vector Location 


Vector Interrupt 
MSB LSB 
Highest 9 FFFE | FFFF | RES 
Priority FFFC NMi 
FFFA | FFFB | Software Interrupt (SWt) 
FFFS IRQ, 
FFE6 ICF (input Capture) 
FFF4 | FFFS | OCF (Output Compare) | 
FFF2 | FFFS | TOF (Timer Overflow) 
Lowest “rrro | Frr1 | SCI (RORF+ORFE + TORE) | 


@ Read/Write (R/W) 

This TTL compatible output signals the peripherals and 
memory devices whether the CPU is in a Read (“High”) or a 
Write (“‘Low”) state. The normal standby state of this signal is 
Read (“High”). This output can drive one TTL load and 90pF 
capacitance. 


@ Address Strobe (AS) 

In the expanded multiplexed mode of operation, address 
strobe is output on this pin. This signal is used to latch the 8 
LSB’s of address which are multiplexed with data on Do/Apo 
to D,/A,. An 8-bit latch is utilized in conjunction with Address 
Strobe, as shown in figure 11. So Dg/Ap to D,/A, can become 
data bus during the E pulse. The timing for this signal is shown 
in Figure 1 of Bus Timing. This signal is also used to disable the 
address from the multiplexed bus allowing a deselect time, tasp 
before the data is enabled to the bus. 


# PORTS 
There are two I/O ports on the HD6803 MPU; one 8-bit 


port and one S-bit port. Each port has an associated write 
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only Data Direction Register which allows each I/O line to be 
programmed to act as an input or an output*. A “1” in the 
corresponding Data Direction Register bit will cause that I/O 
line to be an output. A “0” in the corresponding Data Direction 
Register bit will cause that I/O line to be an input. There are 
two ports: Port 1, Port 2. Their addresses and the addresses of 
their Data Direction registers are given in Table 2. 


* The only exception is bit 1 of Port 2, which can either be data 
input or Timer output. 


Table 2 Port and Data Direction Register Addresses 


$0002 
$0003 
@ 1/0 Port 1 


This is an 8-bit port whose individual bits may be defined as 
inputs or outputs by the corresponding bit in its data direction 
register. The 8 output buffers have three-state capability, 
allowing them to enter a high impedance state when the 
peripheral data lines are used as inputs. In order to be read 
properly, the voltage on the input lines must be greater than 2.0 
V for a logic **1”’ and less than 0.8 V for a logic ‘0’. As outputs, 
these lines are TTL compatible and may also be used as a source 
of up to 1 mA at 1.5 V to directly drive a Darlington base. After 
reset, the I/O lines are configured as inputs. 












Data Direction 
Register Address 


$0000 








“0 Port 1 
1/O Port 2 





@ 1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buffers have 
three-state capability, allowing them to enter a high impedance 


GND 


AS 


Data/Address 












HD6803 


State when used as an input. In order to be read properly, the 
voltage on the input lines must be greater than 2.0 V for a 
logic “1” and less than 0.8 V for a logic “0”. As outputs, this 
port has no internal pullup resistors but will drive TTL inputs 
directly. For driving CMOS inputs, external pullup resistors are 
required. After reset, the I/O lines are configured as inputs. 
Three pins on Port 2 (pin 8,9 and 10 of the chip) are requested 
to set following values (Table 3) during reset. The values of 
above three pins during reset are latched into the three MSBs 
(Bit 5, 6 and 7) of Port 2 which are read only. 

Port 2 can be configured as I/O and provides access to the 
Serial Communications Interface and the Timer. Bit 1 is the 
only pin restricted to data input or Timer output. 


Table 3 The Values of three pins 


Pin Number Value 
8 L 
9 H 
10 L 
[NOTES] L; Logical “0’' 
H; Logical ‘1°’ 


# BUS 
@ Data/Address Lines (Do/Ao ~ D7/A7) 

Since the data bus is multiplexed with the lower order 
address bus in Data/Address, latches are required to latch those 
address bits. The 74LS373 Transparent Octal D-type latch can 
be used with the HD6803 to latch the least significant address 
byte. Figure 11 shows how to connect the latch to the HD6803. 
The output control to the 74LS373 may be connected to 
ground. 


@ Address Lines (As ~ Ais) 

Each line is TTL compatible and can drive one TTL load and 
90 pF. After reset, these pins become output for upper order 
address lines (As to Ats ). 


® INTERRUPT FLOWCHART 
The Interrupt flowchart is depicted in Figure 16 and is com- 
mon to every interrupt excluding reset. 


Address: A, ~A, Function Table 








Enable 





Output 


Output 
Control 
L 


L 
L 
H 






xrxrzla 
x xXPFPrLO 
sors /of 





Data: D,~O, 


Figure 11. Latch Connection 
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= MEMORY MAP 


The MPU can provide up to 65k byte address space. A 
memory map is shown in Figure 12. The first 32 locations are 
reserved for the MPU’s internal register area, as shown in Table 
4 with exceptions as indicated. 


Table 4 Internal Register Area 
Register Address 
Port 1 Data Direction Register ** 00 
Port 2 Data Direction Register ** 01 
Port 1 Data Register 02 
Port 2 Data Register 03 
Not Used 04* 
Not Used 05* 
Not Used 06* 
Not Used 07* 
Timer Control! and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) - 0B 
Output Compare Register (Low Byte) oc 
Input Capture Register (High Byte) 0D 
input Capture Register (Low Byte) OE 
Not Used OF* 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register 11 
Receive Data Register 12 
Transmit Data Register 13 
RAM Control Register 14 
Reserved 15-1F 


* External Address 
#* 1; Output, O; Input 


Multiplexed/RAM 


CS EN aEEEtEEEEEEnampenmemenamememeed 


ZT 





internal Registers 
$001 F | 


External Memory Space 
$0080 
Internal RAM 





SN 


$SOOF F 


External Memory Space 


SFFFO| 


External interrupt Vectors 
SFFFF I : 


eee? 


{NOTE] 
Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 


Figure 12 HD6803 Memory Map 








# PROGRAMMABLE TIMER 

The HD6803 contains an on-chip 16-bit programmable timer 
which may be used to measure an input waveform while inde- 
pendently generating an output waveform. Pulse widths for 
both input and output signals may vary from a few micro- 
seconds to many seconds. The timer hardware consists of 
¢ an 8-bit control and status register, 

- a 16-bit free running counter, 

¢ a16-bit output compare register, 

- a 16-bit input capture register 

A block diagram of the timer registers is shown in Figure 13. 
@ Free Running Counter ($0009:$000A) 

The key element in the programmable timer is a 16-bit free 
running counter which is driven to increasing values by E (En- 
able). The counter value may be read by the CPU software at 
any time. The counter is cleared to zero by reset and may be 
considered a read-only register with one exception. Any CPU 
write to the counter’s address ($09) will always result in preset 
value of $FFF8 being loaded into the counter regardless of the 
value involved in the write. This preset figure is intended for 
testing operation of the part, but may be of value in some 
applications. 
® Output Compare Register ($000B:$000C) 

The Output Compare Register is a 16-bit read/write register 
which is used to control an output waveform. The contents of 
this register are constantly compared with the current value of 
the free running counter. When a match is found, a flag is set 
(OCF) in the Timer Control and Status Register (TCSR) and the 
current value of the Output Level bit (OLVL) in the TCSR is 
clocked to the Output Level Register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a “1” (Output), 
the output level register value will appear on the pin for Port 2 
Bit 1. The values in the Output Compare Register and Output 
Level bit may then be changed to control the output level on 
the next compare value. The Output Compare Register is set to 
$FFFF during reset. The Compare function is inhibited for 
one cycle following a write to the high byte of the Output 
Compare Register to insure a valid 16-bit value is in the register 
before a compare is made. 

@ Input Capture Register ($000D:$000E) 

The Input Capture Register is a 16-bit read-only register used 
to store the current value of the free running counter when the 
proper transition of an external input signal occurs. The input 
transition change required to trigger the counter transfer is 
controlled by the input Edge bit (IEDG) in the TCSR. The Data 
Direction Register bit for Port 2 Bit 0, should* be clear (zero) 
in order to gate in the external input signal to the edge detect 
unit in the timer. 

The input pulse width must be at least two E-cycles to 
ensure an input capture under all conditions. 


* With Port 2 Bit 0 configured as an output and set to “1”, the 
external input will still be seen by the edge detect unit. 
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Figure 13 Block Diagram of Programmable Timer 


Timer Controi and Status Register 


7 6 5 4 3 2 1 Oo 
Ter [oct [ror] ac | coe [ero] ena four] sm 


© Timer Control and Status Register (TCSR) ($0008) 

The Timer Control and Status Register consists of an 8-bit 
register of which all 8 bits are readable but only the low order 5 
bits may be written. The upper three bits contain read-only 
timer status information and indicate the followings: 

*a proper transition has taken place on the input pin witha 
‘subsequent transfer of the current counter value to the 
input capture register. 

*a match has been found between the value in the free 
running counter and the output compare register, and 
when $0000 is in the free running counter. 

Each of the flags may be enabled onto the HD6803 internal 
bus (IRQ,.) with an individual Enable bit in the TCSR. If the 
I-bit in the HD6803 Condition Code register has been cleared, a 
prior vectored interrupt will occur corresponding to the flag 
bit(s) set. A description for each bit follows: 

Bit 0 OLVL Output Level — This value is clocked to the output 
level register on a successful output compare. If 
the DDR for Port 2 bit 1 is set. the value will 
appear on the output pin. 

Input Edge — This bit controls which transition of 
an input will trigger a transfer of the counter to 
the input capture register. The DDR for Port 2 Bit 
O must be clear for this function to operate. IEDG 
= 0 Transfer takes place on a negative edge 
(“High"-to--Low” transition). 

IEDG = 1 Transfer takes place on a positive edge 


Bit 1 1€DG 


Bit 2 ETOI 


Bit 3 EOC! 


Bit 4 EICI 


BitS TOF 


Bit 6 OCF 


Bit 7 ICF 


©) HITACHI 


Hitachi America Ltd. e 2210 O'Toole Avenue * San Jose, CA 95131 ¢ (408) 435-8300 


(‘“‘Low”’-to-““High”’ transition). 

Enable Timer Overflow Interrupt — When set, this 
bit enables IRQ, to occur on the internal bus for a 
TOF interrupt; when clear the interrupt is in- 
hibited. 

Enable Output Compare Interrupt — When set, 
this bit enables IRQ, to appear on the internal ‘bus 
for an output compare interrupt; when clear the 
interrupt is inhibited. 

Enable input Capture Interrupt — When set, this 
bit enables [RQ, to occur on the internal bus for 
an input capture interrupt: when clear the inter- 
rupt is inhibited. 

Timer Overflow Flag — This read-only bit is set 
when the counter contains $F FFF. It is cleared by 
a read of the TCSR (with TOF set) followed by an 
CPU read of the Counter ($09). 

Output Compare Flag — This read-only bit is set 
when a match is found between the output 
compare register and the free running counter. It is 
cleared by a read of the TCSR (with OCF set) 
followed by an CPU write to the output compare 
register (SOB or SOC). 

Input Capture Flag — This read-only status bit is 
set by a proper transition on the input; it is cleared 
by a read of the TCSR (with ICF set) followed by 
an CPU read of the Input Capture Register ($0D). 
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® SERIAL COMMUNICATIONS INTERFACE 

The HD6803 contains a full-duplex asynchronous serial 
communications interface (SCI) on chip. The controller 
comprises a transmitter and a receiver which operate independ- 
ently or each other but in the same data format and at the same 
data rate. Both transmitter and receiver communicate with the 
CPU via the data bus and with the outside world via pins 2, 3, 
and 4 of Port 2. The hardware, software, and registers are ex- 
plained in the following paragraphs. 


@ Wake-Up Feature 

In a typical multi-processor application, the software 
protocol will usually contain a destination address in the initial 
byte(s) of the message. In order to permit non-selected MPU’s 
to ignore the remainder of the message, a wake-up feature is 
included whereby all further interrupt processing may be 
optionally inhibited until the beginning of the next message. 
When the next message appears, the hardware re-enables (or 
“wakes-up”) for the next message. The “wake-up” is auto- 
matically triggered by a string of ten consecutive 1’s which 
indicates an idle transmit line. The software protocol must 
provide for the short idle period between any two consecutive 
messages. 


@ Programmable Options 

The following features of the HD6803 serial I/O section are 
programmable: 

- format — standard mark/space (NRZ) 

¢ Clock — external or internal 

* baud rate — one of 4 per given CPU @2 clock frequency or 

external clock x8 input 

* wake-up feature — enabled or disabled 

* Interrupt requests — enabled or masked individually for 

transmitter and receiver data registers 

* clock output — internal clock enabled or disabled to Port 

2 (Bit 2) 
* Port 2 (bits 3 and 4) — dedicated or not dedicated to serial 
1/O individually for transmitter and receiver. 
© Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 14. The registers include: 

an 8-bit control and status register 

*a4-bit rate and mode control register (write only) 

* an 8-bit read only receive data register and 

* an 8-bit write only transmit data register. 

In addition to the four registers, the serial I/O section utilizes 
bit 3 (serial input) and bit 4 (serial output) of Port 2. Bit 2 of 
Port 2 is utilized if the internal-clock-out or external-clock-in 
options are selected. 


Transmit/Receive Control! and Status (TRCS) Register 
The TRCS register consists of an 8-bit register of which all 8 
bits may be read while only bits O~4 may be written. The 


register is initialized to $20 by reset. The bits in the TRCS 
register are defined as follows: 


Port 2 


Clock 
Bit F 19 


Bit 12 


Bit O WU 





Bit 7 Rate and Mode Control Register Bit O 


| | eet [evo] 551] 580 10 


Transmit/Receive Control and Status Register 


Pemrpetrond ne] ve [ve] ve] wo] 


Receive Data Register 


eae ae Es Ce 


(Not Addressable) 


Receive Shift Register 


Bit Rate 
Generator 
(Not Addressable) 


Transmit Shift Register 


Oe ee ee Se 


Transmit Data Register 


Figure 14 Serial 1/O Registers 


m 


“Wake-up” on Next Message — set by HD6803 


software and cleared by hardware on receipt of 


Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 


ten consecutive 1’s or reset of RE flag. It should 
be noted that RE flag should be set in advance of 
CPU set of WU flag. 

Transmit Enable — set by HD6803 to produce 
preamble of nine consecutive 1’s and to enable 
gating of transmitter output to Port 2, bit 4 
regardless of the DDR value corresponding to this 
bit; when clear, serial 1/O has no effect on Port 2 
bit 4. 

TE set should be after at least one bit time of data 
transmit rate from the set-up of transmit data 
rate and mode. 

Transmit Interrupt Enable — when set, will permit 
an IRQ, interrupt to occur when bit 5 (TDRE) is 


set; when clear, the TDRE value is masked from 


the bus. 

Receiver Enable — when set, gates Port 2 bit 3 to 
input of receiver regardless of DDR value for this 
bit; when clear, serial I/O has no effect on Port 2 
bit 3. 

Receiver Interrupt Enable — when set, will permit 
an IRQ) interrupt to occur when bit 7 (RDRF) or 
bit 6 (ORFE) is set; when clear, the interrupt is 
masked. 


Transmit/Receive Contro! and Status Register 





6. § 4 3 2 1 0 
rononre]rone] we] ne [ve] ve [wo 
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ADDR : $0011 


Bit 5 TDRE Transmit Data Register Empty — set by hardware 
when a transfer is made from the transmit data 
register to the output shift register. The TDRE bit 
is cleared by reading the status register, then 


HD6803 


writing a new byte into the transmit data register, 
TDRE is initialized to | by reset. 

Bit 6 ORFE Over-Run-Framing Error — set by hardware when 
an overrun or framing error occurs (receive only). 


Rate and Mode Control Register 


7 6 5 4 3 2 1 0 
RRS EES 


ADDR : $0010 


An overrun is defined as a new byte received with 
last byte still in Data Register/Buffer. A framing 
error has occured when the byte boundaries in bit 
stream are not synchronized to bit counter. If 
WU-flag is set, the ORFE bit will not be set. The 
ORFE bit is cleard by reading the status register, 
then reading the Receive Data Register, or by 
reset. 

Bit 7 RORF Receiver Data Register Full-set by hardware when 
a transfer from the input shift register to the 
receiver data register is made. If WU-flag is set, the 
RDRF bit will not be set. The RDRF bit is cleared 
by reading the status register, then reading the 
Receive Data Register, or by reset. 


Rate and Mode Control Register (RMCR) 


The Rate and Mode Control register controls the following 


serial I/O variables: 










¢ format 

¢ clocking source, 

* Port 2 bit 2 configuration 

The register consists of 4 bits all of which are write-only and 
cleared by reset. The 4 bits in the register may be considered as 
a pair of 2-bit fields. The two low order bits control the bit rate 
for internal clocking and the remaining twq bits control the 
format and clock select logic. The register definition is as 
follows: 
Bit 0 SSO | Speed Select — These bits select the Baud rate for 
Bit 1 $S1 J} the internal clock. The four rates which may be 
selected are a function of the CPU @2 clock 
frequency. Table 5 lists the available Baud rates. 
Clock Control and Format Select — this 2-bit field 
controls the format and clock select logic. Table 6 
defines the bit field. 


Bit 2 CCO 
Bit 3 CC1 






* Baud rate 
Table 5 SCI Bit Times and Rates 
2as7emiz | 40MM: | 4.9152. MHz" 
0 0 26 us/38,400 Baud 16 us/62,500 Baud 13.0 us/76,800 Baud 
0 1 208 us /4,800 Baud 128 us/7812.5 Baud 104.2 ps/9,600 Baud 
1 0 1.67 ms/600 Baud 1.024 ms/976.6 Baud 833.3 us/1,200 Baud 
1 1 3.33 ms/300 Baud 






6.67 ms/150 Baud 


* HD6803-1 Only 








4.096 ms/244.1 Baud 


Table 6 SCI Format and Clock Source Control 





CC1: CCO 


0 0 

0 1 NRZ internal 
10 Internal 
1 1 External 






* Clock output is available regardless of values for bits RE and TE. 


Clock Source Port 2 Bit 2 Port 2 Bit 3 











Port 2 Bit 4 





ae 


Not Used oe 
Output* 
input 









ee 


** Bit 3 is used for serial input if RE = ‘'1"’ in TRCS; bit 4 is used for serial output if TE = “1° in TRCS. 


internally Generated Clock 

If the user wishes for the serial I/O to furnish a clock, the 
following requirements are applicable: 

¢ the values of RE and TE are immaterial. 

°CC1.CCO must be set to 10 

* the maximum clock rate will be E = 16. 

*the clock will be at 1x the bit rate and will have a rising 

edge at mid-bit. 


Externally Generated Clock 
If the user wishes to provide an external clock for the serial 
1/0, the following requirements are applicable: 
‘the CC1, CCO, field in the Rate and Mode Control Register 
must be set to 1], 
* the external clock must be set to 8 times (x8) the desired 
baud rate and 
*the maximum external clock frequency is 1.0 MHz. 
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@ Serial Operations 
The serial I/O hardware should be initialized by the HD6803 
software prior to operation. This RENCE will normally consist 
of; 
* writing the desired operation control bits to the Rate and 
Mode Control Register and 
* writing the desired operational control bits in the Transmit/ 
Receive Control and Status Register. 
The Transmitter Enable (TE) and Receiver Enable (RE) bits 
may be left set for dedicated operations. 


Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit when 
set, gates the output of the serial transmit shift register to Port 2 
Bit 4 and takes unconditional control over the Data Direction 
Register value for Port 2, Bit 4. 

Following a RES the user should configure both the Rate 
and Mode Control Register and the Transmit/Receive Control 
and Status Register for desired operation. Setting the TE bit 
during this procedure initiates the serial output by first 
transmitting a nine-bit preamble of 1’s. Following the preamble, 
internal synchronization is established and the transmitter 
section is ready for operation. 

At this point one of two situation exist: ; 

1) if the Transmit Data Register is empty (TDRE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or, 

2) if data has been loaded into the Transmit Data Register 
(TDRE = 0), the word is transferred to the output shift 
register and transmission of the data word will begin. 

During the data transmit, the O start bit is first transmitted. 
Then the 8 data bits (beginning with bit 0) followed by the stop 
bit, are transmitted. When the Transmitter Data Register has 
been emptied, the hardware sets the TDRE flag bit. 

If the HD6803 fails to respond to the flag within the proper 
time, (TDRE is still set when the next normal transfer from the 
parallel data register to the serial output register should occur) 
then a 1 will be sent (instead of a 0) at “Start” bit time, 
followed by more 1’s until more data is supplied to the data 
register. No 0’s will be sent while TDRE remains a 1. 


Receive Operation 

The .receive operation is enabled by the RE bit which gates in 
the serial input through Port 2, Bit 3. The receiver section 
operation is conditioned by the contents of the Transmit/ 
Receive Control and Status Register and the Rate and Mode 
Control Register. 

The receiver bit interval is divided into 8 sub-intervals for 
internal synchronization. In the NRZ Mode, the received bit 
stream is synchronized by the first 0 (space) encountered. 

The approximate center of each bit time is strobed during 
the next 10 bits. If the tenth bit is not a 1 (stop bit) a framing 
error is assumed, and bit ORFE is set. If the tenth bit as a 1, the 
data is transferred to the Receive Data Register, and interrupt 
flag RDRF is set. If RDRF is still set at the next tenth bit time. 
ORFE will be set. indicating an overrun has occurred. When the 
HD6803 responds to either flag (RDRF or ORFE) by reading 
the status register followed by reading the Data Register, RDRF 
(or ORFE) will be cleared. 


® RAM CONTROL REGISTER 
This register, which is addressed at SOOI4. gives status 
information about the standby RAM. A 0 in the RAM enable 


bit (RAME) will disable the standby RAM, thereby protecting 





it at power down if Vcc Standby is held greater than Vspp 
volts, as explained previously in the signal description for Vcc 
Standby. 


RAM Control Register 


STBY 


BitO Not used. 

Bit | Not used. 

Bit 2 Not used. 

Bit 3 Not used. 

Bit 4 Not used. 

Bit 5 Not used. 

Bit 6 RAME The RAM Enable control bit allows the user the 
ability to disable the standby RAM. This bit is set 
to a logic “1” by RES which enables the standby 
RAM and can be written to one or zero under pro- 
gram control. When the RAM is disabled, data is 
read from external memory. 

Bit 7 STBY The Standby Power bit is cleared when the stand- 

PWR by voltage is removed. This bit is a read/write sta- 
tus flag that the user can read which indicates that 
the standby RAM voltage has been applied, and 
the data in the standby RAM is valid. 


@ GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6803 is upward object code compatible with the 
HD6860 as it implements the full HMCS6800 instruction set. 
The execution times of key instructions have been reduced to 
increase throughout. In addition, new instructions have been 
added; these include 16-bit operations and a hardware multiply. 
Included in the instruction set section are the following: 
* CPU Programming Model—Figure 15. 
- Addressing modes 
* Accumulator and memory instructions — Table 7 
* New instructions 
* Index register and stack manipulations instructions ~ Table 
8 
* Jump and branch instructions — Table 9 
* Condition code register manipulation instructions — Table 10 
«Instructions Execution times in machine cycles — Table 
11 
* Summary of cycle by cycle operation — Table 12 
* Summary of undefined instructions — Table 13 


@ CPU Programming Model 

The programming model for the HD6803 is shown in Figure 
15. The double (D) accumulator is physically the same as the 
Accumulator A concatenated with the Accumulator B so that 
any operation using accumulator D will destroy information in 
A and B. 
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@ CPU Addressing Modes 

The HD6803 8-bit micro processing unit has seven address 
modes that can be used by a programmer, with the addressing 
mode a function of both the type of instruction and the coding 
Index Register (X) within the instruction. A summary of the addressing modes for 
a particular instruction can be found in Table 11 along with the 
associated instruction execution time that is given in machine 
cycles. With a clock frequency of 4 MHz, these times would be 
microseconds. 
Program Counter (PC) Accumulator (ACCX) Addressing 
In accumulator only addressing, either accumulator A or 


AGUCegs Condition Code Register (CCR) accumulator B is specified. These are one-byte instructions. 
Immediate Addressing 
ae ee hon Mee In immediate addressing, the operand is contained in the 
oa second byte of the instruction except LDS and LDX which have 
Negative the operand in the second and third bytes of the instruction. 


Bocas (sath Cal The CPU addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte instruc- 
Figure 15 CPU Programming Model tions. 


8-Bit Accumutators A and B 


Or 16-Bit Double Accumulator O 





Stack Pointer (SP) 


oO 


15 PC 
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Condition Code 


Table 7 Accumulator & Memory Instructions 


Register 





Addressing Modes 
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The Condition Code Register notes are liste 
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Table 7 Accumulator & Memory Instructions (Continued) 








Addressing Modes ee e 
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The Condition Code Register notes are listed after Ta 


Direct Addressing 

In direct addressing. the address of the operand is contained 
in the second byte of the instruction. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine 
i.e., locations zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most configura- 
tions, it should be a random access memory. These are two-byte 
instructions. 
Extended Addressing 

In extended addressing. the address contained in the second 
byte of the instruction is used as the higher 8-bits of the address 
of the operand. The third byte of the instruction is used as the 
lower 8-bits of the address for the operand. This is an absolute 
address in memory. These are three-byte instructions. 
Indexed Addressing 

In indexed addressing, the address contained in the second 
byte of the instruction is added to the index register’s lowest 


8-bits in the CPU. The carry is then added to the higher 
order 8-bits of the index register. This result is then used to 
address memory. The modified address is held in a temporary 
address register so there is no change to the index register. These 
are two-byte instructions. 
Implied Addressing 

In the implied addressing mode the instruction gives the 
address (i.e., stack pointer, index register, etc.). These are 
one-byte instructions. 
Relative Addressing 

In relative addressing, the address contained in the second 
byte of the instruction is added to the program counter’s lowest 
8-bits plus two. The carry or borrow is then added to the high 
8-bits. This allows the user to address data within a range of 
-126 to +129 bytes of the present instruction. These are two- 
byte instructions. 


@ HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue « San Jose, CA 95131 ¢ (408) 435-8300 


71 


HD6803————_——_??$ 


@ New instructions 
In addition to the existing 6800 Instruction Set, the following new instructions are 
incorporated in the HD6803 Microcomputer. 


ABX = Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account 
the possible carry out of the low order byte of the X-Register. 

ADDD Adds the double precision ACCD* to the double precision value M:M+1 and places 
the results in ACCD. 

ASLD Shifts all bits of ACCD one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

LDD ~Loads the contents of double precision memory iseanon into the double 
accumulator A:B. The condition codes are set according to the data. 

LSRD Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit 
is loaded from the least significant bit to ACCD. 

MUL  Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B, ACCA contains MSB of result. 

PSHX The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

PULX The index register is pulled from the stack beginning at the current address 
contained in the stack pointer +1. The stack pointer is incremented by 2 in total. 

STD Stores the contents of double accumulator A:B in memory. The contents of ACCD 
remain unchanged. 

SUBD Subtracts the contents of M:M + 1 from the contents of double accumulator AB 
and places the result in ACCD. 

BRN ~~ Never branches. If effect, this instruction can be considered a two byte NOP (No 
operation) requiring three cycles for execution. 

CPX Internal processing modified to permit its use with any conditional branch in- 
struction. 


*ACCD is the 16 bit register (A:B) formed by concatenating the A and B accumulators. The A-accumu- 
lator is the most significant byte. 


Table 8 Index Register and Stack Manipulation Instructions 


Condition Code 





Addressing Modes 





Boolean/ 


Arithmetic Operation plete 0 


Pointer Operations 


AE 
x 
GE 
oO 

ile 
Sis 
Oo 

Mm 

x 

BE 

x 

+ 

2a 

oO 

z= 

mo) 

mM 

oO 


(2) fe) 
al | Sis 


X -— M:M+1- 


Compare Index Reg CPX 
Decrement Index Reg DEX 


Decrement Stack Pntr | DES 


Increment Index Reg 


Increment Stack Pntr f INS | 
Load Index Reg LOX | 

Load Stack Pntr Los —s—: [8 [3 |3 | 9e | 4/2 [Ae |5|2 [BE | 
Store Index Reg pestx | | | jor] 4}2 jer [5] 2 {FF 
Store Stack Pntr | sts |_| | [or [4/2 [ar [5s | 2 [er | 
Index Reg ~ Stack Pntr Sa a a 
Stack Pntr + Index Reg pp at 


Add 


ne Pe 


The Condition Code Register notes are listed after Table 10. 
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— SP, Ret pelelait {Rie 
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Table 9 Jump and Branch Instructions 


< 
# 
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Branch if Overflow Set BV 
Branch If Plus 
Branch To Subroutine 


uv 
n 


Jump 
Jump To Subroutine 


= 
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dvances Prog. Cntr. 
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No Operation 


Retu rn From Interrupt RTI 


Return From 
Subroutine RTS 


Software Interrupt 
Wait for Interrupt 
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Branch Always cee Soh ede IE Ae NONE: 9 3 sn JO LO Oe Se 
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Branch If Carry Set BCS a ee ie Pe Ce ee Ce 
Branch If=Zero || BEQ belo ad | [| [z=1felelelelele 
sae te oers asec Bee ie | wowee fala foletels 
Branch If > Zero ee elle | | [z+in@vi-o  Jelelelelele 
Branch If Higher BHI Polesleed | [| [e+z-0 ifelelelelele 
Branch If < Zero BLE ae EC eee 
grr Pes tole PTET fee Pe 
Branch If < Zero BLT a i ia | I N@ Vea ls lelelsiele 
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12 | 
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Table10 Condition Code Register Manipulation Instructions 


Condition Code Register 
Operations Boolean Operation is[4a]3f[2]1] 0 
OP ee |e 


Clear Carry ee ORGS 0G et Oe 2. epee ele ie 
Clear interrupt Mak cu Po [2[i] 0-1 —S=sd 
Clear Overflow CLV | oA | 2/1 | Oo-Vv | © | 
Sea [sec foof2 |i] 1-c Sd 
Set Interrupt Mask Eeersset = poetyay fe. eet ee 
Set Overflow Pp sev fp te tv 
Accumulator A — CCR TAP fos [2 [1 {As cCR Ss 
CCR=AccumulatorA [tPA Pov [2 [if ccrR>A el fle fe |e 





(1) (Bit V) Test: Result = 10000000? 
(2) (Bit C) Test: Result * 000000007 
(Bit C) Test: Decimal value of most significant BCD Character greater than nine? (Not cleared if previously set) 
(4) (Bit V) Test: Operand = 10000000 prior to execution? 
(5) (Bit V) Test: Operand = 01111111 prior to execution? 
BH) (Bit V) Test: Set equal to result of N@ C after shift has occurred. 
(BitN) Test: Result less than zero? (Bit 15 = 1) 
8 (All) Load Condition Code Register from Stack. (See Special Operations) 
9 (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait state. 
LQ (Atl) Set according to the contents of Accumulator A. 
y (Bit C) Set equal to result of Bit 7 (ACCB) 
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Instruction Execution Times in Machine Cycle 


Table 11 


Ex- 


, Ex- In- im- Re- 
Direct tended dexed plied lative 


imme- 
diate 


ACCX 


5 In- Iim- Re- 
Direct tended dexed plied lative 


imme- 
diate 


ACC 


INX 


ABA 
ABX 


JMP 
JSR 


ADC 


LOA 


ADD 


LOD 
LDS 


ADODD 
AND 
ASL 

- ASLD 


LOX 
LSR 


LSRO 
MUL 
NEG 
NOP 


ASR | 
BCC 
BCS 


10 


@o 


BEQ 


ORA 
PSH 


BGE 
BGT 
BHI 
BIT 


PSHX 
PUL 


PULX 


BLE 
BLS 


ROL 
ROR 
RTI 


BLT 
BMI 


10 


RTS 
SBA 


BNE 
BPL 


SBC 


BRA 


SEC 
SEI 


BRN 
BSR 


SEV 


BVC 
BVS 


STA 


STO 
STS 


CBA 
CLC 
CLI 


STX 


SUB 


CLR 
CLV 
CMP 


SUBD 
Swi 


12 


TAB 
TAP 
TBA 
TPA 
TST 


COM 
CPX 


DAA 
DEC 
DES 


TSX 


DEX 


TXS 
WAI 


EOR 
INC 


INS 
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e@ Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write line 
(R/W) during each cycle for each instruction. 

This information is useful in comparing actual with expected 
results during debug of both software and hardware as the 


Table 12 Cycle by Cycle Operation 


Address Mode & 
Instructions 












IMMEDIATE 
ADC EOR Op Code Address 
ADD LDA Op Code Address + 1 
AND ORA 
BIT SBC 
CMP SUB 
LDS Op Code Address 
LDX Op Code Address + 1 
LDD Op Code Address + 2 
CPX Op Code Address 
SUBD Op Code Address + 1 
ADDD Op Code Address + 2 
Address Bus FF FF 
DIRECT 
ADC EOR Op Code Address 
ADD LDA Op Code Address + 1 
AND ORA Address of Operand 
BIT SBC 
CMP SUB 
STA 1 Op Code Address 
2 Op Code Address + 1 
3 Destination Address 
LDS Op Code Address 
LOX Op Code Address + 1 
LDD Address of Operand 
Operand Address + 1 
STS 1 Op Code Address 
STX 2 Op Code Address + 1 
STD 3 Address of Operand 
4 Address of Operand + 1 
CPX Op Code Address 
SUBD Op Code Address + 1 
ADDD Operand Address 
Operand Address + 1 
Address Bus FF FF 
JSR Op Code Address 
| Op Code Address + 1 
| Subroutine Address 
Stack Pointer 
Stack Pointer + 1 


Cycle R/W 


HITACHI 


Data Bus 


Op Code 
Operand Data 


Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 
Address of Operand 
Operand Data 


Op Code 
Destination Address 
Data from Accumulator 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Crder Byte) 


Op Code 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Op Code 
Irrelevant Data 
First Subroutine Op Code 


control program is executed. The information is categorized in 
groups according to addressing mode and number of cycles per 
instruction. (In general, instructions with the same addressing 
mode and number of cycles execute in the same manner: ex- 
ceptions are indicated in the table). 


Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


37" | —— 
INDEXED | | 
7 Le: 
ADC EOR | 

ADD LDA 

AND ORA 

BIT SBC 

CMP SUB 

- a 
LDS 

LDX 

LDD 

LOD 

STS 

STX | 

STD 







Address Mode & 
Instructions 





Data Bus 





Op Code Address 
Op Code Address + 1 
Address Bus FF FF 


Op Code Address 

Op Code Address + 1 
Address Bus FF FF 

Index Register Pius Offset 



















Op Code 
Offset 
Low Byte of Restart Vector 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 


Op Code Address 

Op Code Address + 1 
Address Bus FF FF 

Index Register Plus Offset 


Op Code Address 

Op Code Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Op Code Address 

Op Code Address + 1 

Address Bus FF FF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 








ASL LSR Op Code Address Op Code 

ASR NEG Op Code Address + 1 Offset 

CLR ROL Address Bus FFFF Low Byte of Restart Vector 
COM ROR Index Register Plus Offset Current Operand Data 

DEC TST* Address Bus FF FF Low Byte of Restart Vector 
INC Index Register Plus Offset New Operand Data 



















CPX 1 Op Code Address Op Code 
SsuBD 2 Op Code Address + 1 Offset 
ADDD 3 Address Bus FFFF Low Byte of Restart Vector 
4 Index Register + Offset Operand Data (High Order Byte) 
5 Index Register + Offset + 1 Operand Data (Low Order Byte) 
6 Address Bus FFFF Low Byte of Restart Vector 
JSR Op Code Address Op Code 
Op Code Address + 1 Offset 
Address Bus FF FF Low Byte of Restart Vector 
Index Register + Offset First Subroutine Op Code 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer ~ 1 Return Address (High Order Byte) 
* In the TST instruction, R/W line of the sixth cycle is ‘1’ level, and AB = FFFF, DB = Low Byte of Reset Vector. (Continued) 
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Table 12 Cycle by Cycle Operation (Continued) 


Cycle R/W 




































































Data Bus 


EXTENDED 
JMP Op Code Address Op Code 
Op Code Address + 1 Jump Address (High Order Byte) 
Op Code Address + 2 Jump Address (Low Order Byte) 
ADC EOR Op Code Address Op Code 
ADD LDA Op Code Address + 1 Address of Operand (High Order Byte) 
AND ORA Op Code Address + 2 Address of Operand (Low Order Byte) 
BIT SBC Address of Operand Operand Data 
CMP SUB 
STA Op Code Address 1 Op Code 
Op Code Address + 1 1 Destination Address (High Order Byte) 
Op Code Address + 2 1 Destination Address (Low Order Byte) 
Operand Destination Address 0 Data from Accumulator 
LDS Op Code Address Op Code 
LDX Op Code Address + 1 Address of Operand (High Order Byte) 
LDD Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 
STS Op Code Address Op Code 
STX Op Code Address + 1 Address of Operand (High Order Byte) 
STD Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 
ASL LSR Op Code Address Op Code 
ASR NEG Op Code Address + 1 Address of Operand (High Order Byte) 
CLR ROL Op Code Address + 2 Address of Operand (Low Order Byte) 
COM ROR Address of Operand Current Operand Data 
DEC TST* Address Bus FFFF Low Byte of Restart Vector 
INC Address of Operand New Operand Data 
CPX Op Code Address Op Code 
SUBD Op Code Address + 1 Operand Address (High Order Byte) 
ADDD Op Code Address + 2 Operand Address (Low Order Byte) 
Operand Address Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Address Bus F FFF Low Byte of Restart Vector 
JSR Op Code Address Op Code 
Op Code Address + 1 Address of Subroutine (High Order Byte) 
Op Code Address + 2 Address of Subroutine (Low Order Byte) 
Subroutine Starting Address Op Code of Next Instruction 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer - 1 Return Address (High Order Byte) 
* In the TST instruction, R/W line of the sixth cycle is 1" level, and AB = FFFF, OB = Low Byte of Reset Vector. (Continued) 
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Instructions 


IMPLIED 


ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 


ABX 





ASLD 
LSRD 


DES 
INS 


INX 
DEX 


“PSHA 
PSHB 
TSX 


TXS 


PULA 
PULB 


PSHX 


PULX 


RTS 


WAI**_ 
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Table 12 Cycle by Cycle Operation (Continued) 






Op Code Address 
Op Code Address + 1 






Op Code Address 
Op Code Address + 1 
Address Bus FF FF 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 


Op Code Address 
Op Code Address + 1 





Op Code Address 
Op Code Address + 1 
Address Bus FFFF 


Op Code Address 
Op Code Address + 1 
Stack Pointer 


Op Code Address 
Op Code Address + 1 
Stack Pointer 


Op Code Address 
Op Code Address + 1 
Address Bus FF FF 
Op Code Address 

Op Code Address + 1 








Stack Pointer 
Stack Pointer + 1 






Op Code Address 


Stack Pointer 
Stack Pointer -1 


Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer +2 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 












Stack Pointer + 2 





Op Code Address 

Op Code Address + 1 

Stack Pointer 
Stack Pointer — 1 
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Previous Register Contents 














Op Code Address +1 | 
















Data Bus 


Op Code 
Op Code of Next Instruction 


Op Code 
Irrelevant Data 
Low Byte of Restart Vector 


Op Code 
Irrelevant Data 
Low Byte of Restart Vector 


Op Code 
Op Code of Next Instruction 
irrelevant Data 


Op Code 
Op Code of Next Instruction 
Low Byte of Restart Vector 


Op Code 
Op Code of Next Instruction 
Accumulator Data 


Op Code 
Op Code of Next Instruction 
irrelevant Data 


Op Code 
Op Code of Next Instruction 
Low Byte of Restart Vector | 


Op Code 

Op Code of Next Instruction 
irrelevant Data 

Operand Data from Stack 


Op Code 

Irrelevant Data , 
index Register (Low Order Byte) 
Index Register (High Order Byte) 


Op Code 

Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
index Register (Low Order Byte) 
Op Code 

Irrelevant Data 

Irrelevant Data 

Address of Next Instruction 
(High Order Byte) 

Address of Next Instruction 

(Low Order Byte) 

Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 


(Continued) 


Table 12 ediad by Cycle Operation (Continued) 


Address Mode & ee R/W 


Stack Pointer — 
Stack Pointer — ; 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 


Op Code Address 
Op Code Address + 1 
Address Bus FFFF 
Address Bus FF FF 
Address Bus FF FF 
Address Bus FF FF 
Address Bus FFF F 
Address Bus FF FF 
Address Bus FF FF 
Address Bus FF FF 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 







- iz 


MUL 


vt 
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OOMAnN AOAWN — 





RTI 
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Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 
Stack Pointer + 5 
Stack Pointer + 6 


Stack Pointer + 7 







Swi Op Code Address 
Op Code Address + 1 

Stack Pointer 

| Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer — 3 

Stack Pointer — 4 

Stack Pointer — 5 

Stack Pointer — 6 

Stack Pointer — 7 

Vector Address FFFA (Hex) 












~O OoMnronOAWND — 





_ 
NO 





Vector Address FF FB (Hex) 
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Data Bus 


Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 


Op Code 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Op Code 

Irrelevant Data 

Irrelevant Data 

Contents of Cond. Code Reg. 
from Stack 

Contents of Accumulator B 
from Stack 

Contents of Accumulator A 
from Stack 

Index Register from Stack 
(High Order Byte) 

Index Register from Stack 
(Low Order Byte) 

Next Instruction Address from 
Stack (High Order Byte) 

Next Instruction Address from 
Stack (Low Order Byte) 


Op Code 

irrelevant Data . 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data 

Address of Subroutine 

(High Order Byte) 

Address of Subroutine 

(Low Order Byte) 


(Continued) 


** While the MPU is in the ‘Wait state, its bus state will appear as a series of MPU reads of an address which is seven locations less than the 
Original contents of the Stack Pointer. Contrary to the HD6800, none of the ports are driven to the high impedance state by a WAI 


instruction, 
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Table 12 Cycle by Cycle Operation (Continued) 


Cycle | R/W 


Data Bus 





BCC BHT BNE 1 Op Code Address Op Code 
BCS BLE BPL 2 Op Code Address + 1 Branch Offset 
BEQ BLS BRA 3 Address Bus FFFF Low Byte of Restart Vector 
BGE BLT BVC 
BGT BMT BVS 
BRN 
BSR 1 Op Code Address Op Code 
2 Op Code Address + 1 | Branch Offset 
3 Address Bus FFFF | Low Byte of Restart Vector 
4 Subroutine Starting Address Op Code of Next Instruction 
5 Stack Pointer Return Address (Low Order Byte) 
6 Stack Pointer — 1 Return Address (High Order Byte) 


@ Summary of Undefined Instruction Operations 

The HD6803 has 36 underfined instructions. When these are 
carried out, the contents of Register and Memory in MPU 
change at random. 


When the op codes (4E, SE) are used to execute. the MPU 
continues to increase the program counter and it will not stop 
until the Reset signal enters. These op codes are used to test the 
LSI. 


Table 13 Op codes Map 


HD6803 MICROPROCESSOR INSTRUCTIONS 


ACCB or X 


wo 

x 

> 
wv 

+ 

” 

x< 


—_ | ad 


o 
2 
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Q oOid|oW 
m QO;O 
O AIDA 
v0 
+ 
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Ti (+7 
PSH X (+ 


2 


» 
~|> = 


CPX (+2) « : LDO (+1) 


Cen = 
WAI (+6) 


SWI (+9) 


fe (+1) STS (+1) 





T0001 | 
ee 
sea | 
Ee 
ea 
eal 
al 
pad 
ea 
Ee 
ea 
Eee 
peal 


N 
— 
Ww 


[NOTES] 1) Undefined Op codes are marked with L_— . 
2) ( ) indicate that the number in parenthesis must be added to the cycle count for that instruction. 


3) The instructions shown below are all 3 bytes and are marked with "°"’, . 
ign core addressing mode of SUBD, CPX, LDS, ADDD, LDD and LOX instructions, and undefined op codes 
8F, CD, CF). ; 


4) The Op codes (4E, 5E) are 1 byte/ cycles instructions, and are marked with ‘**”’ 
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Stack Machine State 
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| ITMP *SCI = TIE-TORE + RIE*(RORF + ORFE) 
Condition Code Register 


Vector + PC 


Cami FFrc FFFO| 
Tswi_| FFA FFFB. 
Cia, [Free Frro 
Cocr | Frra Frre 
TTor | Fre2 FFFS_ 
sci | FFFO FFI 














Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

input Capture Interrupt 

Output Compare Interrupt 

Timer Overflow Interrupt 

SCt Interrupt (TORE + RORF + ORFE) 





Figure 16 Interrupt Flowchart 
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Address Bus Data Bus 
Figure 17 HD6803 MPU Expanded Multiplexed Bus 


® Caution for the HD6803 Family SCI, TIMER Status Flag To clear the flag correctly, take the following procedure: 
The flags shown in Table 14 are cleared by reading/writing 1. Read the status register. 

(flag reset condition 2) the data register corresponding to each 2. Test the flag. 

flag after reading the status register (flag reset condition 1). 3. Read the data register. 


Table 14 Status iva Reset Conditions 


Flag Reset Condition 1 Flag Reset Condition 2 
Status Flag (Status Register) (Data Register) 


ICR/Read 


TOF TC/Read 
When each flag is “1”, RDR/Read 
TRCSR/Read 
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HD6809,HD68A09, HD68B09——— 
MIPU (Micro Processing Unit) 


The HD6809 is a revolutionary high performance 8-bit 
microprocessor which supports modern programming. tech- 
niques such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additional 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
8-bit microprocessor today. 

The HD6809 has hardware and software features which make 
it an ideal processor for higher level language execution or 
standard controller applications. 


HDG6800 COMPATIBLE 
@ Hardware — Interfaces with All HMCS6800 Peripherals 


® Software — Upward Source Code Compatible Instruc- 
tion Set and Addressing Modes 


ARCHITECTURAL FEATURES 
Two 16-bit Index Registers 


Two 16-bit indexable Stack Pointers 
Two 8-bit Accumulators can be Concatenated to Form 
One 16-Bit Accumulator 


@ Direct Page Register Allows Direct Addressing Through- 
out Memory 

@® HARDWARE FEATURES 

@ On Chip Oscillator 

@ DMA/BREQ Allows DMA Operation or Memory Refresh 

® Fast Interrupt Request Input Stacks Only Condition 


Code Register and Program Counter 

MRDY Input Extends Data Access Times for Use With 

Slow Memory 

@ Interrupt Acknowledge Output Allows Vectoring By 
Devices 

@ SYNC Acknowledge Output Allows for Synchronization 
to External Event 

® Single Bus-Cycle RESET 

@ Single 5Volt Supply Operation 

@ NMI Blocked After RESET Until After First Load of 
Stack Pointer 

@ Early Address Valid Allows Use With Slower Memories 

@ Early Write-Data for Dynamic Memories 


@ Compatible with MC6809, MC68A09 and MC68B09 


@ SOFTWARE FEATURES 
@ 10 Addressing Modes 
« HMCS6800 Upward Compatible Addressing Modes 
¢ Direct Addressing Anywhere in Memory Map 
* Long Relative Branches 
* Program Counter Relative 
* True Indirect Addressing 
* Expanded Indexed Addressing: 
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0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 
Auto-Increment/Decrement by 1 or 2 


84 


BLOCK DIAGRAM 


Improved Stack Manipulation 

1464 Instructions with Unique Addressing Modes 
8 x 8 Unsigned Multiply 

16-bit Arithmetic 

Transfer¢Exchange All Registers 

Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 
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= ABSOLUTE MAXIMUM RATINGS 


item Value Unit 
Supply Voltage v 
Storage Temperature i °C 


+ 





=~ 


* With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under 
recommended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


® RECOMMENDED OPERATING CONDITIONS 


= symbol inp [i 
Supply Voltage Vec* | 4.75 | 5.0 | 5.25 V 
ee v 


ae ic Vv 
Input Voltage Pa tos iC 


* With respect to Vsg (SYSTEM GND) 


# ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc =5V+t5%, Vsg = OV, Ta = -20~+75°C, unless otherwise noted.) 


HD6809 HD68A09 HD68B09° 
Item Symbol Test Condition Unit 
Cc 


| : =0~+75°C 
Input “’High’’ Voltage xcept RES - = -20~0°C 


Except EXTAL, 
Input Leakage Current XT al 


Three State (Off State) Vin=0.4~2.4V, 


D roap=-2OEuA, 

o~D, Vecz=min 
ena: oe Ay ~A,5,R ILoaD=-145nA, 

Output “‘High’’ Voltage aE Vec=min 
BA, BS ILoAD=~100nA, 

eee ae 


Vin=0~5. ane 


Vec=max HA 


MA 


Output “Low” Voltage 
Power Dissipation 


; D 
Input Capacitance Set 
is Except D, Cin 


A SCaAE 
Output Capacitance B A, BS 


*Ta=25°C, Voc=5V 


=| < 


pF 





pF 
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® AC CHARACTERISTICS (Vcc =5V+5%, Vss = OV, Ta = -20~+75 °C, unless otherwise noted.) 
1, CLOCK TIMING 


| | | Hpea0o | HD68A09 . HD68B09 - ij 
bol Test Condi nit 
vee Syme Teenie” Trin [tye | max| min | wo | max | min | eve | max_ 


Frequency of Operation 
(Crystal or External Input): 


Cycle Time 

Total Up Time 
Processor Clock “High” 
Processor Clock “Low” 
E Rise and Fall Time 
ELow to Ouiah Time. 
Q Clock “High” | 

Q Clock “Low” 

Q Rise and Fall Time 





QLow to E Falling 


2. BUS: TIMING | 








HD6809 HD68A09 HD68B09 : 
Item Symbol Test Condition Unit 
= -=—Seea ea 
Address Delay | - | — | 200] - | - | 140] - | - | 110 | ns 
Address Valid to Onigh | 50 {| - | - | 2] -| - | 5] - | - [ns 
Sao renras [oe] =| = [wo] —[ = [oe] [Ts 
Data Set Up Time (Read) | so | - | - | 6o| -| - | 40] - |] - | os 
input Data Hold Time [tone | ee ee se ee 
reocrme | 20 - | - | | -| - | | -| - | 
Address Hold Time | A,~A,,, B/W ites 
reserve [| | - | - | | -| - || -| - | 
Data Delay Time (Write) room es ff 00d fn Of ns 
ar 30 | - | - | 0] - | - | | - | - | 
Output Hold Time 
| FeSn-ore | | - | - | | -| - |] -]- | = 
3. PROCESSOR CONTROL TIMING 
HD6809_ HD68A09 HD68B09 
It Symbol T i 
| ~ | Symoat| Tex Conon | Hoe _Hpsaae eee si 
MRDY Set Up Time | - | ~ [ 125{ - [| - | 0] - | - [as 
Interrupts Set Up Time | - | - | 40] -| - [rol - T - Tas 
HALT Set Up Time | 200| — | ~ | 0] - | - | rol -~ [| - [ons 
RES Set Up Time biseecrigi 6: (2200 = loan le tno) ee Se fear 
DMATBREG Set Up Time Fig, 14,Fig.15 | 125{ — | — | 125 —| — | nol -| — | ms 
Processor Control Rise and Fall Time | = | = | 00] - | = | 100) - | = | 100 | ns 
Crystal Oscilatar Start Time p= {= ee = [= Pao TT a0 ine 
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5.0V 


Ry, = 18k2 


Test Point 


C= 30pF (BA, BS) 
130pF (D, ~ D,,E,Q) 
SOpF (A, ~ A,,,.R/W) 

-R= 11k (Dy ~ D,) = 
16kQ (A, ~ A,,,E, Q, R/W) 
24k (BA, BS) 


All diodes are 1S2074G) or equivalent. 
C includes Stray Capacitance. 


Figure 1 Bus Timing Test Load 


teve 
E 2.4V tPWEL 
0.5V 0.5V 0.6V 
a 


24V “op 
air SS z 


AOOR 2.4V 
BA, BS* 0.5V 
= as 
taa 
Date 
NY 
\ Not Valid 
1‘ 


SSCS 


il NN 


tour 
tosr 


Wy TS- 


*Hold time for BA, BS not specified. 


Figure 2 Read Data from Memory or Peripherals 


ROO Not Valid 





*Hold time for BA, BS not specified. 


Figure 3 Write Data to Memory or Peripherals 


3 PROGRAMMING MODEL | 

As shown in Figure 4, the HD6809 adds three registers to the 
set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second Index 
Register. : 


e Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation of 
data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 


register, and is formed with the A register as the most significant 


byte. 


e@ Direct Page Register (DP) 

The Direct Page Register of the HD6809 serves to enhance 
the Direct Addressing Mode. The content of this register appears 
at the higher address outputs (Ag~A, 5) during Direct Address- 
ing Instruction execution. This allows the direct mode to be 
used at any place in memory, under program control. To ensure 
HD6800 compatibility, all bits of this register are cleared during 
Processor Reset. 
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HD6809: 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in. this register takes part in the calculation of 
effective addresses. This address may. be used to point to data 
directly or may be modified by an optional constant or register 


15 







iron Reger 
(oe ee 





offset. During some indexed modes, the contents of the index 
register are incremented or decremented to point to the next 
item of tabular type, data. All four pointer registers (X, Y, U, S) 
may be used as index registers. | 








Pointer Registers 







Program Counter 





Accumulators 


ire cae ence nein 
D 


7 


0 
Direct Page Register 


: ; 0 
efequli[n[z[vic] CC — Condition Code Register 


Figure 4 Programming Model of The Microprocessing Unit 


@ Stack Pointer (U, S) | 

The Hardware Stack Pointer (S) is used automatically by the 
processor during subroutine calls and interrupts. The stack 
pointers of the HD6809 point to the top of the stack, in 
contrast to the HD6800 stack pointer, which pointed to the 
next free location on the stack. The User Stack Pointer (UV) is 
controlled exclusively by the programmer thus allowing argu- 
ments to be passed to and from subroutines with ease. Both 
Stack Pointers have the same indexed mode addressing capabil- 
ities as the X and Y registers, but also support Push and Pull 
instructions. This allows the HD6809 to be used efficiently as a 
stack processor, greatly enhancing its ability to support higher 
level languages and modular programming. 


@ Program Counter . : 

The Program Counter is used by the processor to point to the 
address of the next instruction to be executed by the processor. 
Relative Addressing is provided allowing the Program Counter 
to be used like an index register in some situations. 


® Condition Code Register 
The Condition Code Register defines the State of the 
Processor at any given time. See Fig. 5. 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 5 Condition Code Register Format 


# CONDITION CODE REGISTER DESCRIPTION 


@ Bit 0 (C) 

Bit O is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from subtract 
like instructions (CMP, NEG, SUB, SBC) and is the complement 
of the carry from the binary ALU. 


@ Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 


© Bit 2 (2) 

Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. a 
@ Bit 3 (N) 


Bit 3 is the negative flag, which contains exactly the value of 
the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 


@ Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not recognize. 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRQ, IRO, RES, and SWI all are set I to a one; SWI2 and SWI3 
do not affect I. 





@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry-from 
bit 3 in the ALU as a result of an 8-bit addition only (ADC or 
ADD). This bit is used by the DAA instruction to perform a 
BCD decimal add adjust operation. The state of this flag is 
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undefined in all subtract-like instructions. 


@e Bit6(F) 

Bit 6 is the FIRQ mask bit. The processor will not recogniz 
interrupts from the FIRQ line if this bit is a one. NMI, FRO, 
SWI, and RES all set F to a one. FRO, SWI2 and SWI3 do not 
affect F. 





e Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a retum from interrupt (RTI) to 
determine the extent of the unstacking. Therefore, the current 
E left in the Condition Code Register represents past action. 


@ SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: Vsg is 
ground or 0 volts, while Vcc is +5.0V +5%. 


@ Address Bus (Ay ~A\s) 

Sixteen pins are used to output address information from the 
MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,., R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. Addresses are valid on the rising edge of 
Q (see Figs. 2 and 3). All address bus drivers are made high 
impedance when output Bus Availalbe (BA) is “High”. Each pin 
will drive one Schottky TTL load or four LS TTL loads, and 
typically 90 pF. 


® Data Bus (Do~D-,) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and typically 130 pF. 


© Read/Write (R/W) 

This signal indicates the direction of data transfer on the data 
bus. A “Low” indicates that the MPU is writing data onto the 
data bus. R/W is made high impedance when BA is “High”. R/W 
is valid on the rising edge of Q. Refer to Figs. 2 and 3. 


® Reset (RES) 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Fig. 6. The Reset 
vectors are fetched from locations FFFE,, and FFFF,, (Table 
1) when Interrupt Acknowledge is true, (BA ° BS=1). During 
initial power-on, the Reset line should be held “Low” until the 
clock oscillator is fully operational. See Fig. 7. 

Because the HD6809 Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 
This higher threshold voltage ensures that all peripherals are out 
of the reset state before the Processor. 


HD6809 


Table 1 Memory Map for Interrupt Vectors 



















Memory Map For 


Vector Locations Interrupt Vector 


Description 


RES 


FFFC NMI 
FFFA SWI 
FFF8 TRO 
FFF6 FIRO 
FFF4 SWI2 
FFF2 SWI3 
Reserved 


@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output is 
driven “High” indicating the buses are high impedance. BS is 
also “High” which indicates the processor is in the Halt or Bus 
Grant state. While halted, the MPU will not respond to external 
real-time requests (FIRQ, IRQ) although DMA/BREQ will 
always be accepted, and NMI or RES will be latched for later 
response. During the Halt state Q and E continue to run 
normally. If the MPU is not running (RES, DMA/BREQ), a 
halted state (BA*BS=1) can be achieved by pulling HALT 


“Tow” while RES is still “Low”. If DAM/BREO and HALT are 
both pulled “Low”, the processor will reach the last cycle of the 
instruction (by reverse cycle stealing) where the machine will 
then become halted. See Figs. 8 and 16. 


@ Bus Available, Bus Status (BA, BS) 

The BA output is an indication of an internal control signal 
which makes the MOS buses of the MPU high impedance. This 
signal does not imply that the bus will be available for more 
than one cycle. When BA goes “Low”, an additional dead cycle 
will elapse before the MPU acquires the bus. 

The BS output signal, when decoded with BA, represents the 
MPU state (valid with leading edge of Q). 


Table 2 MPU State Definition 









MPU State 


Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 

HALT or Bus Grant 








Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRQ, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address lines, 
can provide the user with an indication of which interrupt level 
is being serviced and allow vectoring by device. See Table 1. 

Sync Acknowledge is indicated while the MPU is waiting for 
external synchronization on an interrupt line. 

Hait/Bus Grant is true when the HD6809 is in a Halt or Bus 
Grant condition. 
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Figure 6 RES Timing 
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8pF+20% 18 pF + 20% 
2pF+20%| 22 pF + 20% 
z_ |22pF+20%| 22 pF + 20% 
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Figure 7 Crystal Connections and Oscillator Start Up 
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@ Non Maskable Interrupt (NMI)* hardware stack. After reset, an NMI will not be recognized until 

A negative edge on this input requests that a non-maskable the first program load of the Hardware Stack Pointer (S). The 
interrupt sequence be generated. A non-maskable interrupt pulse width of NMI “Low” must be at least one E cycle. If the 
cannot be inhibited by the program, and also has a higher NMI input does not meet the minimum set up with respect to 


priority than FIRQ, IRQ or software interrupts. During recogni- _—-Q, the interrupt will not be recognized until the next cycle. See 
tion of an NMI, the entire machine state is saved on the Fig. 9. 


2nd To Last Last Cycle 
Cycle Of Of 


Dead Dead Instructioninstruction Dead 
| ‘ay a Cycle | 5 Halted | Cycle | Fetch pos Cycle | Halted 


o LEFLILPLELP LP Lee LS LL Le 


E 
tepcSH 


HALT 






Address 


Fetch Execute 


2 OOO > 


Instruction 
Opcode 


Figure 8 HALT and Single Instruction Execution for System Debug 


Last Cycle 
of Current 


Instruction 
Instruction : Fetch 


fa Interrupt Stacking and Vector Fetch Sequence ee 


m—-2 m—-1 om mel me2 med Mts MS M4B M+? MtB M+ M+10 M+t1 M412 MH 13 M+ 14 MF15 M+ 1EMt+17 M418. A 












=6 SP—7 SP—8 SP—9 SP_—10SP—11SP—12FFFF FFFC FFFD FFFF New New 

‘pct tecs oe (NMI) (NMI) PC PC+1 
FFFB FFF9 

(Ra) _ (TRO) 


H PCL 


Figure 9 TRO and NMI Interrupt Timing 
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Last Cycle 
of Current 
Instruction 





instruction 
Fetch 


pea interrupt Stacking and Vector Fetch Sequence ——————____-_____-ss___-enf 





sP-3 FFFF FFF6 FFF?  FFFF NewPC New PC+1 





Figure 10 FIRO Interrupt Timing 


@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents of 
the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Fig. 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See Fig. 9. 


* NMI, FIRQ, and IRQ requests are sampled on the falling 
edge of Q. One cycle is required for synchronization before 
these interrupts are recognized. The pending interrupt(s) 
will not be serviced until completion of the current _instruc- 
tion unless a SYNC or CWAI condition is present. If IRQ and 
FIRQ do not remain “Low” until completion of the current 
instruction they may not be recognized. However, NMI is 
latched and need only remain “Low” for one cycle. 


e@ XTAL, EXTAL 

These inputs are used to connect the on-chip oscillator to an 
external parallel-resonant crystal. Alternately, the pin EXTAL 
may be used as a TTL level input for external timing by 
grounding XTAL. The crystal or external frequency is four 
times the bus frequency. See Fig. 7. Proper RF layout 
techniques should be observed in the layout of printed circuit 
boards. 


<NOTE FOR BOARD DESIGN OF THE OSCILLATION 
CIRCUIT > 

In designing the board, the following notes should be taken 
when the crystal oscillator is used. 





1) Crystal oscillator and load capacity Cin, Cout must be placed 


near the LSI as much as possible. 


bee oscillation may be disturbed when. exibiial noise is 
induced to pin 38 and 39. 


2) Pin 38 and 39 signal line should be wired apart from other 
signal line as much as possible. Don’t wire them in parallel. 


Baten oscillation may be disturbed when E or Q signal is ] 
feedbacked to pin 38 and 39. 





Figure 11 Board Design of the Oscillation Circuit. 


<THE FOLLOWING DESIGN MUST BE AVOIDED > 


A signal line or a power source line must not cross or go near 


the oscillation circuit line as shown in Fig. 12 to prevent the 
induction from these lines and perform the correct oscillation. 
The resistance among XTAL, EXTAL and other pins should be 
over 1OMQ. 


@ HITACHI 
92 Hitachi America Ltd. «© 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


HD6809 


e E,Q 
Must be avoided. E is similar to the HD6800 bus timing signal $2; Q is a 
quadrature clock signal which leads E. Q has no parallel on the 
HD6800. Addresses from the MPU will be valid with the lead- 
<I m ing edge of Q. Data is latched on the falling edge of E. Timing 
ee for E and Q is shown in Fig. 13. 





@ MRDY 
Signal C This input control signal allows stretching of E and Q to 
L extend data-access time. E and Q operate normally while MRDY 
as seer is “High”. When MRDY is “Low”, E and Q may be stretched in 
ae integral multiples of quarter (1/4) bus cycles, thus allowing 


interface to slow memories, as shown in Fig. 14. A maximum 


Figure 12 Example of Normal Oscillation may be Disturbed. 


Start of Cycle End of Cycle (Latch Data) 


0.5V 0.5V 





| Address Valid | 


Figure 13 E/Q Relationship: 





Figure 14 MRDY Timing 
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stretch is 10 microseconds. During nonvalid memory access 
(VMA cycles) MRDY has no effect on stretching E and Q; this 
inhibits slowing the processor during “don’t care’’ bus accesses. 
MRDY may also be used to stretch clocks (for slow memory) 
when bus control has been transferred to an external device 
(through the use of HALT and DMA/BREQ). 

Also MRDY has effect on stretching E and Q during Dead Cycle. 


®@ DMA/BREQ 

The DMA/BREQ input provides a method of suspending 
execution and acquiring the MPU bus for another use, as shown 
in Fig. 15. Typical uses include DMA and dynamic memory 
refresh. : 

Transition of DMA/BREQ should occur during Q. A “Low” 
level on this pin will stcp instruction execution at the end of the 
current cycle. The MPU will acknowledge DMA/BREQ by 
setting BA and BS to “High” level. The requesting device will 
now have up to 15 bus cycles before the MPU retrieves the bus 
for self-refresh. Self-refresh requires one bus cycle with a lead- 


MPU DEAD 





DMA/BREQ 


ARE Gav = 


tect 


BA, BS 





ing and trailing dead cycle. See Fig. 16. 

Typically, the DMA controller will request to use the bus by 
asserting DMA/BREQ pin “Low” on the leading edge of E. 
When the MPU replies by setting BA and BS to a one, that cycle 
will be a dead cycle used to transfer bus mastership to the DMA 
controller. 

False memory accesses may be prevented during and dead 
cycles by developing a system DMAVMA signal which is “Low” 
in any cycle when BA has changed. | 

When BA goes “Low” (either as a result of DMA/BREQ = 
“High” or MPU self-refresh), the DMA device should be taken 

off the bus. Another dead cycle will elapse before the MPU 
accesses memory, to allow transfer of bus mastership without 
contention. | 


= MPU OPERATION 
During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 


DMA DEAD MPU 


~ 0.5V 


LTT Ebest 


tpcr 


tpcsp 





OMAVMA* / \ / \ 
ADDR 
(MPU) 


ADDR 
(DMAC) 





*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 
Figure 15 Typical DMA Timing (<14 Cycles) 
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a ama DMA Cycles DEAD 
| | 
| | 
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7 ae oes 
| 








MPU 
| | 


| 
DMA/BREQ \ | | | l | 
| | | | | 


BA, BS | 


DMAVMA* | ; 


*DMAVMA is a signal which is developed externally, but is a system requirement for DMA. 


Figure 16 Auto — Refresh DMA Timing 
(Reverse Cycle Stealing) 


sequence begins at RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of instructions. 
Fig. 17 illustrates the flow chart for the HD6809. 





# ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809 has 
the most complete set of addressing modes available on any 
microcomputer today. For example, the HD6809 has 59 basic 
instructions; however, it recognizes 1464 different variations of 
instructions and addressing modes. The addressing modes 
support modern programming techniques. The following ad- 
dressing modes are available on the HD6809: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 
Zero-Offset 
Constant Offset 
Accumulator Offset 
Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


@ implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ immediate Addressing 
In Immediate Addressing, the effective address of the data is 

the location immediately following the opcode (i.e., the data to 
be used in the instruction immediately follows the opcode of 
the instruction). The HD6809 uses both 8 and 16-bit immedizte 
values depending on the size of argument specified vy the 
opcode. Examples of instructions with Immediate Addressing 
are: 

LDA #$20 

LDX #$F000 

LDY #CAT 
(NOTE) # signifies Immediate addressing, § signifies hexa- 

decimal value. 


© Extended Addressing 

In Extended Addressing, the contents of the two bytes 
immediately following the opcode fully specify the 16-bit 
effective address used by the instruction. Note that the address 
generated by an extended instruction defines an absolute 
address and is not position independent. Examples of Extended 
Addressing include: 


LDA CAT 
STX | MOUSE 
LDD $2000 


e@ Extended Indirect 

As a special case of indexed addressing (discussed below), 
“1”? level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX _[$FFFE] 
STU [DOG] 


@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8-bit of the address to be used. The upper 
8-bit of the address are supplied by the direct page register. Since 
only one byte of address is required in direct addressing, this 
mode requires less memory and executes faster than extended 
addressing. Of course, only 256 locations (one page) can be 
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Asserting RES will result in entering the reset sequence from any point in the flow chart. 
Figure 17 Flowchart for HD6809 Instruction 
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accessed without redefining the contents of the DP register. 
Since the DP register is set to $00 on Reset, direct addressing on 
the HD6809 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct addressing. Some 
examples of direct addressing are: 


LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct ad- 
dressing. 


© Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 


TFR X, Y Transfers X into Y 

EXG A,B Exchanges A with B 

PSHS A, B, X, Y Push Y, X, B and A onto S 
PULU X, Y, D Pull D, X, and Y from U 


© Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five basic 
types of indexing are available and are discussed below. The 
postbyte of an indexed instruction specifies the basic type and 
variation of the addressing mode as well as the pointer register 
to be used. Fig. 18 lists the legal formats for the postbyte. Table 
3 gives the assembler form and the number of cycles and bytes 





HD6809 


Indexed 
Addressing 
Mode 


EA = ,R + 5 Bit Offset 


R++ 






EA = ,R + 0 Offset 
EA = ,R + ACCB Offset 
EA =,R + ACCA Offset 

EA=,R+8 Bit Offset 
EA = ,R + 16 Bit Offset 

EA = ,R + D Offset 
EA=,PC +8 Bit Offset 
EA = ,PC + 16 Bit Offset 

EA = [,Address] 


Se eeemneen camnmmaenmstinemenncetmestiia ees eee peed 
| en Addressing Mode Field 
Indirect Fieid 


(Sigh bit when b7 = 0) 
{$ Sieecees Non Indirect 
Ve 


i) 
+ 








. Indirect 
Register Field : RR 
00 = X 


O1=Y 

10=U 

11=S 
x = Don't Care 


Figure 18 Index Addressing Postbyte Register Bit Assignments 


Table 3 Indexed Addressing Mode 





Type 


| Constant Offset From R No Offset 


(2’s Complement Offsets) 







16 Bit Offset 
A Register Offset 
B Register Offset 
D Register Offset 





Accumulator Offset From R 
(2’s Complement Offsets) 


Auto Increment/Decrement R 


Decrement By 2 


~ Constant Offset From PC 
(2’s Complement Offsets) 


| Extended Indirect - 


R=xX,Y,UorS RR: 
x = Don't Care 00 = X 
01= Y 
10=U 
11=S 
+ 


rw 


Non Indirect 


Assembler 
Form 


| SBitOffser | on R 
aero [eC ra 
J mR | 

| AR * | TRROOIIO | 1 

| B,R | 1RROO101 | 1 
1RRO1011_ | 4 
2 

3 


Increment By 1 | __R+ 
Increment By2 | ,R++ 
Decrement By 1 


8 Bit Offset 1xx01100 
16 Bit Offset 1xx01101 


indirect 


Assembler Postbyte | 
Form OP Code 


defaults to 8-bit 







Postbyte 
OP Code 


1RR00100 |0| 
ee 
a 


Olt + 


3 


oy (oa Ud edo 
[afalelwfal [eles 


1RR11000 
1RRO1001 _1RR11001 


7 


1 
|7{2 
AA 
o| 16, ri 
(o[ 10, Rr [ araizon [7[0 
1RROOO0O | 2/0 | notallowed || 
1RROOOO1 am LR+4] 1RR10001 | 6/0 
1AROOI0 [2/0 __—notallowed | _ 
iAROoOT! [3/0 | --A | iARIG0IT | 66 
Pa[t | tesPert | text1100 [4 | 
re ]2 | Inpcr! | txrntor | 8/2 
[=f elf oor [5 


and } indicate the number of additional cycles and bytes for the particular variation. 
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added to the basic values for indexed addressing for each 
variation. 


Zero-Offset Indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. This 
is the fastest indexing mode. 

Examples are: 


LDD  0,X 
LDA _  S 
Constant Offset Indexed 


In this mode, a two’s-complement offset and the contents of 
one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 

Three sizes of offsets are available: 

5-bit (—16 to +15) 
8-bit (—128 to +127) 

16-bit (-32768 to +32767) 

The two’s complement 5-bit offset is included in the 
postbyte and, therefore, is most efficient in use of bytes and 
cycles. The two’s complement 8-bit offset is contained in a 
single byte following the postbyte. The two’s complement 
16-bit offset is in the two bytes following the postbyte. In most 
casés the programmer need not be concerned with the size of 
this offset since the assembler will select the optimal size 
automatically. 

Examples of constant-offset indexing are: 


LDA = 23,X 
LDX -2,S 
LDY 300,X 
LDU CAT,Y | 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B or 
D) and the contents of one of the pointer registers are added to 
form the effective address of the operand. The contents of both 
the accumulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator. to use as an 
offset and no additional bytes are required. The advantage of an 
accumulator offset is that the value of the offset can be 
calculated by a program at run-time. 

Some examples are: 


LDA_iCiBY 
LDX DY 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or for 
the creation of software stacks. In auto decrement, the pointer 
register is decremented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto increment; 
but the tables, etc., are scanned from the “High” to “Low” 
addresses.- The size of the increment/decrement can be either 
one or two to allow for tables of either 8 or 16-bit data to be 


Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,X+ 
STD Y++ 
LDB -Y 

LDX -S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 

0 > temp calculate the EA; temp is a holding register 

X+2->X perform autoincrement 

X-~>(temp) do store operation 


@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index register and an 
offset. 

Before Execution 

A = XX (don’t care) 

X = $F000 


$0100 LDA [$10,X] EA is now $F010 
$FO10 $Fl $F 150 is now the 
$FO11 $50 new EA 

$F15O0 $AA 


After Execution 
A= $AA Actual Data Loaded 
X = $F000 
All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA [LX] 
LDD [10,5] 
LDA _ [B,Y] 
LDD = [,X+ +] 


@ Relative Addressing 

_ The byte(s) following the branch opcode is (are) treated as a 
signed offset which may be added to the program counter. If 
the branch condition is true then the calculated address (PC + 
signed offset) is loaded into the program counter. Program 
execution continues at the new location as indicated by the PC; 
short (1 byte offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in long 
relative addressing as an effective address is interpreted modulo 
2'© Some examples of relative addressing are: 


accessed and is selectable by the programmer. The pre- BEQ CAT (short) 

decrement, post-increment nature of these modes allow them to BGT DOG (short) 

be used to create additional software stacks that behave CAT LBEQ RAT (long) 

identically to the U and S stacks. DOG LBGT RABBIT (long) 
© HITACHI 
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e 

e 

e 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 

The PC can be used as the pointer register with 8 or 16-bit 
signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 


LDA CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 


LDA 
LDU 


[CAT, PCR] 
[DOG, PCR] 


® HD6809 INSTRUCTION SET 

The instruction set of the HD6809 is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 

Some of the new instructions and addressing modes are 
described in detail below: 


® PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence is 
fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 





Push Order > 
X DP B A_ CC 
FFFF...< increasing memory address .....0000 


< Pull Order 
PC U OY 


PC S  Y XK DP B A_ CC 


©TFR/EXG 

Within the HD6809, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4-7 of postbyte define the source register, while 
bits 0-3 represent the destination register. Three are denoted as 
follows: 


0000 — D 0101 — PC 
0001 — X 1000 — A 
0010 — Y 1001 — B 
0011-— U 1010 — CC 
0100— §S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 
TRANSFER/EXCHANGE POST BYTE 


SOURCE |DESTINATION 


@ LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 4. 

The LEA instruction also allows the user to access data in a 
position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
® 
® 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSGI, 
PCR, the assembler computes the distance between the present 
address and MSGI. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1.b—>temp (calculate the EA) 

2.b+1-+b (modify b, postincrement) 

3. temp~a_ (load a): 


LEAa, —b 

1. b —1-—temp (calculate EA with predecrement) 
2.b—17b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 
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Table 4 LEA Examples 


[Operation | 












Instruction 












Comment 





LEAX 10, X X+10 —> X | Adds 5-bit constant 10 to X 
LEAX 500, X | X+500-> X | Adds 16-bit constant 500 to X 
LEAY A,Y Y+A -—Y | Adds 8-bit.accumulator to Y 
LEAY D,Y Y+D ->Y | Adds 16-bit D accumulator to Y 


LEAU —10, U 
LEAS -10,S 
LEAS 10,5 
LEAX 5,S. 


U-—10 >U 
S$-10->-S 
$+10-S 
$+5 >X 


Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 















@ MUL 


Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long And Short Relative Branches 

The HD6809 has the capability of program counter relative 
branching throughout the entire memory map. In this mode, if 
the branch is to be taken, the 8 or 16-bit signed offset is added 
to the value of the program counter to be used as the effective 
address. This allows the program to branch anywhere in the 64k 
memory map. Position independent code can be easily gene- 
rated through the use of relative branching. Both short (8-bit) 
and long (16-bit) branches are available. 


@ SYNC | 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Syne state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ are 
not edge-triggered, a “Low” level with a minimum duration of 
three bus cycles is required to assure that the interrupt will be 
taken. If the pending interrupt is maskable (FIRQ, IRQ) with its 
mask bit (F or I) set, the processor will clear the Sync state and 
continue processing by executing the next inline instruction. 
Fig. 19 depicts Sync timing. 
Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software In- 
terrupts are useful in operating system calls, software debug- 
ging, trace operations, memory mapping, and software devel- 
opment systems. Three levels of SWI are available on this 
HD6809, and are prioritized in the following order: SWI, SWI2, 
SWI3. 
16-Bit Operation 

The HD6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, sub- 
tracts, transfers, exchanges, pushes and pulls. 





a CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809. Each instruc- 
tion begins with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this technique 
considerably speeds throughput.) Next, the operation of each 
opcode will follow the flow chart. VMA is.an indication of 





FFFF,, on the address bus, R/W=“High” and BS=“Low”. 
The following examples illustrate the use of the chart; see Fig. 
20. 


Example 1: LBSR (Branch Taken) 
Before Execution SP = F000 


LBSR 


$8000 CAT 


$A000 CAT 


CYCLE-BY-CYCLE FLOW 





Cycle# Address Data R/W Description 
1 8000 17 1 Opcode Fetch 
2 5 8001 1F 1 Offset High Byte 
3 8002 FD 1 Offset Low Byte 
4 FFFF * 1 VMA Cycle — 
5 FFFF * 1 VMA Cycle 
6 A0G0 * 1 Computed Branch 
Address 
7 FFFF . 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 TA 1  —_ Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF % 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 7F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


® HD6809 INSTRUCTION SET TABLES 
The instructions of the HD6809 have been broken down into 
five different categories. They are as follows: | 
8-Bit operation (Table 5) 
16-Bit operation (Table 6) 
Index register/stack pointer instructions (Table 7) 
Relative branches (long or short) (Table 8) 
Miscellaneous instructions (Table 9) 
HD6809 instruction set tables and Hexadecimal Values of 
instructions are shown in Table 10 and Table 11. 
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oe Cycle one Last Cycle 
of Previous Opcode Sync Acknowledge fnseecice 


Instruction, Fetch Execute 





(NOTES) * If the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from address location PC + 1. 
However, if the interrupt is accepted (NMI or an unmasked FIRQ or 1RQ) interrupt processing continues with this cycle as (m) on Figure 9 


and 10 (interrupt Timing). 
** If mask bits are clear, aye and FIRQ must be held ‘‘Low” for three cycles to guarantee that interrupt will be taken, although only one 
cycle is necessary to bring the processor out of SYNC. 


Figure 19 Sync Timing 
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(NOTE) Write operation during store instruction. 


Figure 20 Address Bus Cycle-by-Cycle Performance 
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Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Figure 20 Address Bus Cycle-by-Cycle Performance (Continued) 
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Table 5 8-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 

ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TFR R1, R2 


Operation 

Add memory to accumulator with carry 

Add memory to accumulator 

And memory with accumulator 

Arithmetic shift of accumulator or memory left | 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or memory location 

Compare memory from accumulator 

Complement accumultor or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive or memory with accumulator 

Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 

Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 


“Unsigned multiply (A x B > D) 


Negate accumulator or memory 

Or memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 

Transfer R1 to R2 (R1, R2 =A, B, CC, DP) 


(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 


(PULS, PULU) instructions. 


Table 6 16-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADDD 
CMPD 

EXG D,R 
LOD 

SEX 

STD 

SUBD | 
TFR D,R 
TFR R,D 


Operation 

Add memory to D accumulator 

Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 

Load D accumulator from memory 

Sign Extend B accumulator into A accumulator 
Store D accumulator to memory 

Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 

Transfer X, Y,S, Vor PC toD 


(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 


instructions. 
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Mnemonic( s) 

CMPS, CMPU 
CMPX, CMPY 
EXG R1,R2 


LEAS, LEAU. 


LEAX, LEAY 
LDS, LDU 
LDX, LDY 
PSHS 

PSHU 

PULS 

PULU 

STS, STU 
STX, STY 


TFR R1,R2 


ABX 


Minemonic(s) 


BEQ, LBEQ 
BNE, LBNE 
BMI, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


BGT, LBGT 
BGE, LBGE 
BEQ, LBEQ 
BLE, LBLE 
BLT, LBLT 


BHI, LBHI 
BHS, LBHS 
-BEQ, LBEO 
BLS, LBLS 
BLO, LBLO- 


_BSR, LBSR _ 
BRA, LBRA 
BRN, LBRN 


Branch if overflow set 





Table 7 Index Register/Stack Pointer Instructions 


Operation 

Compare memory from stack pointer 

Compare memory from index register 

Exchange D, X, Y, S, Uor PC with D, X, Y, S, U or PC 


_ Load effective address into stack pointer — 
Load effective address into index register 


Load stack pointer from memory 

Load index register from memory 

Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 

Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
Pull A,B, CC, DP, D, X, Y, S or PC from user stack 

Store stack pointer to memory eS 

Store index register to memory 


Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 
Add B accumulator to X (unsigned) 


Table 8 Branch Instructions 
Operation | 

SIMPLE BRANCHES 
Branch if equal 
Branch if not equal 
Branch if minus 
Branch if plus 


_ Branch if carry set 


Branch if carry clear 


Branch if overflow clear 

SIGNED BRANCHES 
Branch if greater (signed) 
Branch if greater than or equal (signed) 
Branch if equal | 
Branch if less than or equal (signed) 
Branch if less than (signed) 

UNSIGNED BRANCHES 

Branch if higher (unsigned) 
Branch if higher or same (unsigned) 
Branch if equal 
Branch if lower or same (unsigned) 
Branch if lower (unsigned) 

OTHER BRANCHES 
Branch to subroutine 
Branch always 


Branch never 
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Mnemonic(s) 
ANDCC 
CWAI 

NOP 

ORCC 

JMP 

JSR 

RTI 

RTS 

SWI, SWI2, SWI3 
SYNC 
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Table 9 Miscellaneous Instructions 


Operation 

AND condition code register 

AND condition code register, then wait for interrupt 
No operation 

OR condition code register 

Jump 

Jump to subroutine 

Return from interrupt 

Return from subroutine 

Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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HD6809: 


INSTRUCTION/ 


FORMS 
ABX 
ADC ADCA 
ADCB 
ADD ADDA 
ADDB | 
ADDD 
AND ANDA 
ANDB 
ANDCC 
ASL ASLA 
ASLB 
ASL 
ASR ASRA 
ASRB 
ASR 
BCC BCC 
LBCC 
BCS BCS 
LBCS 
BEQ BEQ 
LBEQ 
BGE BGE 
LBGE 
BGT BGT 
LBGT 
BHI BHI 
LBHI 
BHS BHS 
LBHS 
BIT _BITA 
BITB 
BLE BLE 
LBLE 
BLO BLO 
LBLO 
BLS BLS 
LBLS 
BLT BLT 
LBLT 
BMI BMI 
LBMI 
BNE BNE 
LBNE 
BPL BPL 
LBPL 
BRA BRA. 
LBRA 
BRN BRN 
LBRN 
106 
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Table 10 HD6809 Instruction Set Table 


RELA 
jop|~ | # |op|~ |# |or|~ |# |or|~ |# [or] ~ | 


WDNN ANN NN 
NNMDM WYN LYN 
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DESCRIPTION 


FUNSIGNED) 
EN pateeea 
B+M+C>B 
A+M>A 
B+M>B 
D+M:M+1—>D 
AAM=>A . 
B AM>B 
CCA IMM>CC 


HIT 


Cc o7 bO 


M 

Branch C=0 

Long Branch 
c=0 

Branch C=1 

Long Branch 
C=1 


Branch Z=1 
Long Branch 


b? bo ¢c 


Branch N@®V=0 
Long Branch 
N ® V=0 


Branch ZVIN®V)=0| @ | @ 


Long Branch 
ZV(N ®V)=0 


Branch CV2Z=0 
Long Branch 
Cv2=0 


Long Branch 
c=0 


Bit Test A (MAA) 
Bit Test B (M AB) 


Branch 2ViIN®V)=1 


Long Branch 
2VIN@V)=1 


Branch C=1 
Long Branch 
C=1 
Branch 
CV 21 
Long Branch 
CV 2Z=1 
Branch N ®V=1 
Long Branch 
N @ V1 
Branch N#1 
Long Branch 
N=1 
Branch 2 =Q 
Long Branch 
Z=0 
Branch N=0 
Long Branch 
N=0 


Branch Always 
Long Branch/ 
Always 


Branch Never 


a TTT 


Long Branch Never] @ | © 


IN|] 


[oo en oe elel= 


@@ evr Heo YW!@A 8B Ceo oo 6 QO}oO 









@@ cH x2% Sexo Woes evw eo @ 


@@ nev ovo 


@2e6@8@8@e Oe eo 


& @ oes 8 8 8 
ee «<> @ 
$3 286 @ 


(to be continued) 


INSTRUCTION/ 
FORMS 


BSR BSR 


LBSR 


BYVC BVC 


LBVC 


BVS 
LBVS 


BVS 


CLR CLRA 
CLRB 


CLR 


CMPA 
CMPB 
CMPD 


CMP 


CMPS 
CMPU 
CMPX 
CMPY 


COM COMA 
COMB 


COM 
CWAI 


DAA 


DEC DECA 
DECB 


DEC 


EORA 
EORB 


Ri, R2 


INCA 
INCB 
INC 


EOR 


EXG 
INC 


JMP 
JSR 


LD LDA 
LDB 
LOD 


LDS 


LDU 
LDX 
LDY 


LEA LEAS 
LEAU 
LEAX 


LEAY 


LSLA 
LSLB 
LSL 


LSRA 
LSRB 
LSR 


LSL 
LSR 


MUL 


NEG NEGA 
NEGB 


NEG 
NOP 





HD6809 ADDRESSING MODES 


DESCRIPTION 


Branch to 
Subroutine 
Long Branch to 
Subroutine 


Branch V=0 
Long Branch 


Branch V=1 
Long Branch 
V=1 


O-A 
Oo-B 
Oo-M 


Compare M from A 

Compare M from B 

Compare M: M + 1 
from D 

Compare M: M + 1 
from S 

Compare M: M + 1 
from U 

Compare M: M + 1 
from X 

Compare M: M + 1 
from 


2 7 
2 5 
2 5 
3 8 
3 8 
3 8 
2 7 
3 8 


> WW & B&H RSBWW W 


A-A 

B-B 

M+M 

CC AIMM— CC 
(except 1—E) 
Wait for Interrupt 
Decimal Adjust A 


A-1-A 
B-1->8B 
M-—-1—-M 
A@M-A 
B@OM-B 
R1<-R2® 
At+t1-A 
Bt+1->B8B 
Mt+1—>M 
EA® > PC 
Jump to Subroutine! 
M-A 
M-B 
M:M+1—D 
M:M+1—-S 


M:M+1—-U 
M:M+1—> X 
M:M+1—- Y 


Ong AaOAL YN |W O 
WNHNHN WHND N N HB 
NAO NO © hf I 
PWHD PWWH WW WwW 
AWW AHWNN 


® 
EA° > 5s 
EA®—~ u 
EA® > x 
EA® = ¥ 


cee 
| 
M c bo? 

A ———ae 

et THI 
M oo? bo ¢ 


AxB-D 
(Unsigned) 
A+1—>A 
B+1-8B 
M+1—-M 


No Operation 


@ee02e @ @ @80@0@7 60808 608808 @ S ©@©@6e@ 


° ©0e 
ew3wvwee 








eevrenr @ @ eee 


oe oe 


t 
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t 
t 
t 
t 
e 
e 
{ 
t 
t 
t 


ee 000 -#+ €@©606080 


HD6809 


a 
e 


e/a;oO 


R= = = 


@ So i ie 
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ooo o0o0co @ @ «ee 


ooo 
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@ wre ~ero ©6000 


eivWvrcee 
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(to be continued) 
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HD6809. 


| pa a | HD6809 ADDRESSING MODES ) | 
INSTRUCTION/ 









FORMS nen DIRECT [EXTENDED | IMMEDIATE | INDEXED®| RELATIVE, pescription |513/2/110 
op|~ |# |op|~ [#| op[~ | # | or|~ | # | = fH[Nizivic 
OR ORA | 9A . Piel e 
ORB DA] 4. BvyM—>B t/t /Oje 
ORCC ; CC v IMM— CC ®D 5) 
PSH PSHS 2) Push Registers on ® e 
S Stack 
PSHU 2 Push Registers on e ° 
U Stack 
PUL  PULS - Pull Registers from} ( @ ) 
; S Stack 
PULU 2 Pull Registers from| (- @. ) 
U Stack 
ROL ROLA 7 A)\ln mmoé«90 tit]tl4 
ROLB | PUTTER le }3 fa |a |e 
ROL Mi) 6 ere tap ety 
ROR RORA A titjielt 
RORB 7 
rc SUH A HE 
RTi Return From ®D ) 
. Interrupt 
RTS Return From @;el@e\eie 
Subroutine 
SBC SBCA A-—-M-C-A ®it\t $ 
SBCB : ; B-M-C>B j|@/1 |? t 
SEX Sign Extend B @eitit|[ele 
ST STA ®ititio;e 
STB eititlioje 
STD @eititioje 
STS @eijtit|oj\e 
STU ®itit /oje 
STX eit jt /o;je 
STY eitit 0 ® 
suB SUBA @ititit|4 
SUBB @®ytititye 
SUBD 6 | | D-M:M+1—>D]/e/t/t/t}t 
swi = SWI® . Software Interrupt!| @ |e |e lee 
swi2® Software Interrupt2/@ |@ |e |e | 
swi3® | Software Interrupt3| ® |e |e |e) ¢@ 
SYNC Synchronize to @|e ee 
Interrupt 
TFR R1,R2 Ri-R2® | On) 
TST TSTA Test A + |t ® 
TSTB Test B tit e 
TST — {90} 6} 24° : alien ut! : Test M tif @ 
(NOTES) 
@ This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
@ R11 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A,B,CC,DP 
The 16 bit registers are: X, Y, U, S, D, PC 
@ EA is the effective address. 
@ ‘The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
©) §(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 
@ Conditions Codes set as a direct result of the instruction. 
Value of half-carry flag is undefined. 
® Special Case — Carry sét if b7 is SET. 
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 
LEGEND: . 
OP Operation Code (Hexadecimal) zZ Zero (byte) 
~ Number of MPU Cycles Vv Overflow, 2’s complement 
# Number of Program Bytes Cc Carry from bit 7 
+ Arithmetic Plus t Test and set if true, cleared otherwise 
~ Arithmetic Minus 6 Not Affected 
x Muitiply CC = Condition Code Register 
M Complement of M ; Concatenation 
> Transfer Into Vv Logical or 
H Half-carry (from bit 3) A Logical and 
N Negative (sign bit) @ Logical Exciusive or 
@ HITACHI 
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Table 11 Hexadecimal Values of Machine Codes 


oP Mnem Mode ~ # OP Mnem Mode a # OP Mnem Mode ~ # 
0.8) NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 * 31 LEAY 4+ 2+ 61 ’ 
02 =«* 32 LEAS 4+ 2+ 62 * 
03. COM 6 2 33 LEAU Indexed 4+ 2+ 63. COM 6+ 2+ 
04 SR 6 2 34 PSHS Implied 5+ 2 64 LSR 6+ 2+ 
05 * 35 PULS 5+ 2 65 * 
06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 ASR 6 2 37 PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 be 68 ASL, LSL 6+ 2+ 
09 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
oB * 3B ORT implied 6,15 1 6B * 
oc INC 6 2 3C CWAI immed 220 2 6C INC 6+ 2+ 
oD TST 6 2 3D MUL Implied 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3E * 6E JMP 3+ 92+ 
OF CLR Direct 6 2 3F 6 SWI Implied 19 1 6F CLR Indexed 6+ 2+ 
10 | See - = _ 40 NEGA implied 2 1 70 NEG Extended 7 3 
11 Next Page _ - _ 41 * 71 . 
12 NOP Implied 2 1 42 * 72 «#* 
13. SYNC Implied 24 1 43. COMA 2 1 73 COM 7 3 
14 * 44 LSRA 2 1 74 LSR 7 3 
15 = 45 * 75 : 
16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 \LBSR Relative 9 3 47 ASRA 2 1 77. ~=ASR 7 3 
18 +* 48  ASLA,LSLA 2 1 78 ASL, LSL 7 3 
19 DAA implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 4A DECA 2 1 7A DEC 7 3 
1B OC 4B * 78. ~Cié‘“*’ 
1C ANDCC immed 3 2 4c INCA 2 1 7C INC 7 3 
1D SEX implied 2 1 4D TSTA 2 1 7D TST 7 3 
1E EXG 8 2 4E * 7E JMP 4 3 
1F TER Implied 6 2 4F CLRA Implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB implied 2 1 80 SUBA Immed 2 2 
21 BRN 3 2 51 * 81 CMPA 2 2 
22 BHI 3 2 52 = 82 SBCA 2 2 
23 BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
24  BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 e 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 ~ 

28 BVC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2 
29 + 4#BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2 
28 BMI 3 2 5B . 8B ADDA 2 2 
2C BGE 3 2 5C INCB 2 1 8C CMPX  Immed 4 3 
2D BLT 3 2 5D TSTB 2 1 8D BSR Relative 7 2 
2E BGT 3 2 5E * 8E LDX immed 3 3 
2F BLE Relative 3 2 5F CLRB implied 2 1 8F * 
LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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Mnem 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LDX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LDX 
STX 


SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDA 
STA 
EORA 
ADCA 
ORA 
ADDA 
CMPX 
JSR 
LDX 
STX 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 


Mode 


Direct 


Direct 


Indexed 


Indexed 


Extended 


Extended 


immed 


Immed 


OIVINONOAABRARAAAOOAAAA 


2 


AGOanea@°w»n>aa»a»aan om oa 


NON & MM ho 


NNNNNNNNNNNNNNN ND F# 


GSQAaewsaewWwwunowd Www o Ww 


NN @® MN N 


Mnem 


LDB 
EORB 
ADCB 


-ORB 
- ADDB 


LDD 


* 


LDU 


* 


SUBB 
CMPB 
SBCB 


. ADDD 


ANDB 
BITB 
LOB 
STB 


EORB 


ADCB 
ORB 
ADDB 
LDD 
STD 
LDU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LDB 
STB 
EORB 
ADCB 
ORB 
ADDB 
LDD 
STD 
LDU 
STU 


SUBB 
CMPB 
SBCB 
ADDD 
ANDB 
BITB 
LOB 
STB 
EORB 
ADCB 
ORB 
ADDB 


(NOTE): All unused opcodes are both undefined and illegal! 
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Mode 


immed 


!mmed 


Direct 


Direct 


indexed: 


Indexed . 


Extended 


Extended 


© HITACHI 
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w 


anannhh PhD HAAOHOAHA 


5+ 


NNNNNNNNNNNNNNN AD, 


WNHNN NN Nh 


Ww 


OP 


FC 
FD 


FE 


FF 


1021 
1022 
1023 
1024 


1025 


1026 
1027 
1028 
1029 
102A 
102B 
102C 
102D 
102E 
102F 
103F 
1083 
108C 
108E 
1093 
109C 
109E 
109F 


-10A3 


10AC 
10AE 
10AF 
10B3 
10BC 
10BE 
10BF 


- 10CE 


10DE 
10DF 
10EE 


-10EF 


10FE 
10F F 
113F 
1183 
118C 
1193 
119C 
11A3 
11AC 
11B3 
11BC 


. Mnem 


LDD 
STD 
LDU 
STU 


Mode 


Extended 


Extended 


2 Bytes Opcode 


LBRN Relative 
LBHI 

LBLS 

LBHS, LBCC 
LBCS, LBLO 
LBNE 

LBEQ 

LBVC 

LBVS 

LBPL 

LBMI 

LBGE 

LBLT 

LBGT 

LBLE Relative 
SWI2 implied 
CMPD immed 
CMPY 

LDY Immed 
CMPD Direct 
CMPY 

LDY 

STY Direct 
CMPD _ Indexed 
CMPY 

LDY 

STY Indexed 
CMPD Extended 
CMPY 

LDY 

STY Extended 
LDS Immed 
LDS Direct 
STS Direct 
LDS Indexed — 
STS Indexed 
LDS Extended 
STS Extended 
SWI3 Implied 
CMPU — immed 
CMPS Immed 
CMPU Direct 
CMPS Direct 
CMPU _ Indexed 
CMPS Indexed 
CMPU Extended 
CMPS Extended 
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HD6809 


= NOTE FOR USE sequence by setting BA, BS to “High” level. However, 
[1] Exceptional Operation of HD6809 ; in the conditions shown below the assertion of BA, BS 
(a) Exceptional Operations of DMA/BREQ, BA signals delays one clock cycle. 
(#1) < Conditions for the exception > 
HD6809 acknowledges the input signal level of (1) DMA/BREQ : “Low” for 6~13 cycles 
DMA/BREQ at the end of each cycle, then determines (2) DM A/BREQ : “‘High” for 3 cycles 


whether the next sequence is MPU or DMA. When 
“Low” level is detected, HD6809 executes DMA 








MPU | Dead DMA cycle Dead MPU cycle Dead DMA cycle 
cycle | cycle cycle cycle 
E 
: ! 
DMA/BREQ | | \! : 
, oN 7: 
t U ' 1 ' 
' | ' | I 
' I ! ' 
BA,BS | 
= 
! ! | 
6~13 cycles ; 3 cycles ; egrets 
one clock 
cycle 
Figure 21 Exception of BA, BS Output 
(b) Exceptional Operations of DMA/BREQ, BA signals verce cycle steal. And it is only cleared if DMA/BREO is 
(#2) inactive (“High”) for 3 or more MPU cycles. So 1 or 2 
HD6809 includes a self refresh counter for the re- inactive cycle(s) doesn’t affect the self refresh counter. 





H 
| 
| 
OMA/BREO a (kee ee 
1 : | 
] ! 
oe a \ \ / | 
BA, BS | | I 

! 


Self Refresh 
counter 





effective (15 cycles) 
' ’ ' 


en SN ee Lee a nO 
l 
cody 0 ' \ 
12 cycles “High” ! odie ! 
: 1 
DMA/BREO ON Be ott ] 
! ' 
1 





—e ow 





| 
' ! : 
BA, BS awe ye ' 
! HT 
' ' ; ! ! 
[ow [wo oo | ota [oma ww 
Self Refresh | ly 
counter effective (15 cycles) Reverse cycle steal 


Figure 22 Exception of DMA/BREQ 





MPU OMA 
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HD6809 


(c) How to avoid these exceptional operations active DMA/BREO level as shown in Fig. 23. 
It is necessary to provide 4 or more cycles for in- 






DMA/BREO 


Figure 23 How to Avoid Exceptional Operations 


[2] Restriction for DMA Transfer (a) An Example of the System Configuration 
There is a restriction for the DMA transfer in the HD6809 This restriction is applied to the following ee 
(MPU), HD6844 (DMAC) system. Please take care of fol- (1) DMA/BREQ is used for DMA request. 
lowing. (2) “Halt Burst Mode” is used for DMA transfer 


DMA/BREO 
DMA transfer 
request 


HD6809 HD6844 


(MPU) 7 (OMAC) 


4 DGRNT 





DMA acknowledge 


Figure 24 An Example of HD6809, HD6844 System 


use 7474 Flip-Flop. Fig. 24, Fig. 25 shows an example which 


( The restriction is also applied to the system which doesn’t 
uses 7474 for synchronizing DMA request with E. ) 


(b) Restriction reverse cycle steals once in 14 DMA cycles by taking 
“The number of transfer Byte per one DMA Burst back the bus control. In this case, however, the action 
transfer must be less than or equal to 14.” taken by MPU is a little bit different from the DMAC. 

Halt burst DMA transfer should be less than or As shown in Fig. 25, DMA controller can’t stop 
equal to 14 cycles. In another word, the number DMA transfer (A)) by BA falling edge and excutes 
stored into DMA Byte count register should be 0~14. an extra DMA cycle during HD6809 dead cycle. So 

MPU cycle is excuted right after DMA cycle, the Bus 
* Please than care of the section [1](b) if 2 or more confliction occurs at the beginning of MPU cycle. 


DMA channels are used for the DMA transfer. 
(d) How to impliment Halt Bust DMA transfer 


(c) Incorrect operation of HD6809, HD6844 system (> 14 cycles) 
“Incorrect Operation” will occur if the number of Please use HALT input of HD6809 for the DMA 
DMA transfer Byte is more than 14 bytes. If DMA/ request instead of DMA/BREQ. 





BREQ is kept in “Low” level HD6809 performs 
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HD6809 


14 cycles 


E 
[ HD6809 side | side 
HD6809 reverse 
DMA/BREG. cycle steal 
' Es i 


HD6809 
a4 DMA cycl 
cycle ) MPUcycle P04 = = === DMAcvcles DMA cycles ae | cycles 


MPU cycle is 
excuted right 
after DMA, 

‘oe Bus confliction 
occurs. 


DGRNT 
(BA) — 








HD6844 | “DMA cycles mui) DMA cycles 


cycles 
@ 


MPU sets BA to inactive “Low” 
for reverse cycle steal, But 
DMAC couldn’t acknowledge 
the request and performs 

extra DMA during Dead cycle. 


Figure 25 Comparison of HD6809, HD6844 DMA cycles 





[3] Note for CLR Instruction Example: CLR (Extended) 
Cycle-by-cycle flow of CLR instruction (Direct, Ex- 
tended, Indexed Addressing Mode) is shown below. In this es ae ear : 
sequence the content of the memory location specified by 
the operand is read before writing “OO” into it. Note that os # Address Data R/W Description 
status Flags, such as IRQ Flag, will be cleared by this extra 8000 7F 1 Opcode Fetch 
data read operation when accessing the control/status , 8001 AO 1 Operand Address, 
register (sharing the same address between read and write) High Byte 
of peripheral devices. 3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed “00” 
into Specified 
Location 


* The data bus has the data at that particular address. 
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HD6809: 


{4] Note for MRDY 

HD6809 require synchronization of the MRDY input with 
the 4f clock. The synchronization necessitates an external oscil- 
lator as shown in Figure 26. The negative transition of the 


4xf 
Oscillator 


XTALF og 


38 


EXTAL 


Part of 
HD6809 


36 





MRDY Stretch 
MRDY . 


4 
7 
Active Low 


Chip Select 
For Slow tik 


Memory or 
Peripheral 





MRDY signal, normally derived from the chip select decoding, 


must meet the tpcg timing. MRDY’s positive transition must 
occur with the rising edge of 4f. 








MRDY 
Synchronization 





Values 
Chosen 


MRDY Stretch 
Stretch = 0.7 RC 


To Memory 


Figure 26 MRDY Synchronization 
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HD6809E,HD68A09E, 


HD6SBO9E 


MP U(Micro Processing Unit) 


The HD6809E is a revolutionary high performance 8-bit 
microprocessor which supports modern programming techniques 
such as position independence, reentrancy, and modular 
programming. 

This third-generation addition to the HMCS6800 family has 
major architectural improvements which include additiorial 
registers, instructions and addressing modes. 

The basic instructions of any computer are greatly enhanced 
by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on any 
8-bit microprocessor today. 

_ The HD6809E has hardware and software features which 
make it an ideal processor for higher level language execution 
or standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

HD6800 COMPATIBLE 

@ Hardware — Interfaces with All HMCS6800 Peripherals 

® Software — Upward Source Code Compatible Instruction Set 
and Addressing Modes 

ARCHITECTURAL FEATURES 

Two 16-bit Index Registers 

Two 16-bit Indexable Stack Pointers 

Two 8&bit Accumulators can be Concatenated to Form One 

16-Bit Accumulator 

Direct Page Register Allows Direct Addressing Throughout 

Memory 

HARDWARE FEATURES 

External Clock Inputs, E and Q, Allow Synchronization 

TSC Input Controls internal Bus Buffers 

LIC Indicates Opcode Fetch 

AVMA Allows Efficient Use of Common Resources in A 

Multiprocessor System 

BUSY is a Status Line for Multiprocessing 

Fast Interrupt Request Input Stacks Only Condition Code 

Register and Program Counter 

© interrupt Acknowledge Output Allows Vectoring By Devices 

@ SYNC Acknowledge Output Allows for Synchronization to 

External Event 
@ Single Bus-Cycle RESET 
Single 5-Volt Supply Operation 
NMI Blocked After RESET Until After First Load of Stack 
Pointer 
Early Address Valid Allows Use With Slower Memories 
Early Write-Data for Dynamic Memories 
SOFTWARE FEATURES 
10 Addressing Modes 
* HMCS6800 Upward Compatible Addressing Modes 
* Direct Addressing Anywhere in Memory Map 
- Long Relative Branches 
° Program Counter Relative 
* True indirect Addressing 
- Expanded Indexed Addressing: 

0, 5, 8, or 16-bit Constant Offsets 
8, or 16-bit Accumulator Offsets 


HD6809EP, HD68A09EP, HD68BOSEP 


(DP-40) 


Auto-Increment/Decrement by 1 or 2 
Improved Stack Manipulation 
1464 Instruction with Unique Addressing Modes 
8 x 8 Unsigned Multiply 
16-bit Arithmetic 
Transfer/Exchange All Registers 
Push/Pull Any Registers or Any Set of Registers 
Load Effective Address 





PIN ARRANGEMENT 





(Top View) 
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HD6809E. 





# ABSOLUTE MAXIMUM RATINGS 


Operating Temperature Range 2c 
Storage Temperature Range °C 
* With respect to Vss (SYSTEM GND) 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 


unit 
Supply Voltage 


Input Voltage Logic 


a 
3 
<|<|</</< 


Vec* +0.3 


Vec* -0.75 


* With respect to Vss (SYSTEM GND) 


° 
?) 


= ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V +5%, Vsg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 


HD6809 


x 
3 
> 
: 
z 
& 
oa 


Item 


Logic, 


z= 
>] 


‘et 
r zx 
Oo 
bs 
Q 
<9 


BEOTEAG . 


input “High” Voitage 


< 
Qa 
re] 


< 13 
Gi 


wo 


Q, RE 
input “Low” Voltage 


< 
rc 
oO 


Logic, Q, RES 


GREGG 
< 


BIS \<|< 


Input Leakage Current 


Vin =0 ~5.25V, 
Vcc = max 

Load = —205uA, 
Vee = min 

lLoad = —145u1A, 
Vec = min 

'Load = —100HA, 
Vcc = min 
ILoad = 2mA, 
Vcc = min 


< 


Output “‘High’’ Voltage 


< 


BA, BS, LIC, 
AVMA, BUSY 


2 g Cc 
{vi 
z | g al 
> iw) 
: : 
a 
Nn 


< 


Output “Low” Voltage 


Power Dissipation 


= 


Vin = OV, pF 
Input Capacitance Input, Q, RES a = 25°C, 
= 1MHz 
pF 
Ao ag Ais, R/W 
Output Capacitance BA, BS, LIC, 


a] 
nu 


< 





AVMA, BUSY 
Frequency of Operation 


= 
= 
N 


Oo 
° 

. 
o 
a] 
a 
e 
a 

a 


Three-State (Off State) |P0~ 27 


Vin = 0.4 ~ 2.4V, 
Input Current Ao ~ Ais, RAW 


Vec = max 


* Ta = 25°C, Vcc = 5V 
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HD6809E 


@ AC CHARACTERISTICS (Vcc = 5.0V 15%, Vgg = OV, Ta = -20 ~ +75°C, unless otherwise noted.) 
READ/WRITE TIMING 


Item Symbol Condition ra ‘vo aS Unit 
et ee oo 


Cycle Time 


Peripheral Read Access Times t 
tcyc — tef — tap — tosr = tacc ACC 







Data Setug Time (Read) 


Input Data Hold Time 


| Ta=0~+75°C 
Output Data Hold Time ; 
Ta=-20~0O0C 


= ] 
a 


pe) 
Address Hold Time fe 20s 1550 


(Address, R/W) Ta=-20~0°C 


Address Delay | tap | 


Data Delay Time (Write) | toow | ig. 

7~ 10, 
E Clock “Low” tPWEL 14 and 17 
E Clock “‘High’’ (Measured at VIH) | tpweH | 
E Rise and Fall Time 


Q Clock “High” 


G Rise and Fall Time 


E “Low” to QO Rising 
Q “High” to E Rising | tea2 | 
E “High” to OQ Falling | teas 
GQ “Low” to E Falling 
| Interrupts HALT, RES and TSC Setup Time 
TSC Drive to Valid Logic Levels 
TSC Release MOS Buffers to High Impedance 
TSC Three-State Delay 
Control Delay (BUSY, LIC) tcD 
Control Delay (AVMA*) 


Processor Control Rise/Fall tpcr. tect 
TSC Input Delay 


AVMA drives a not-valid data before providing correct output, so spec tcp max = 270 nsec (HD68A09E) and 240 nsec (HD68B09E) are applied to 
this signal. When this delay time causes a problem in user’s application, please use D-type latch to get stable output. 


3 
a 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ash 
=a 
o 


ns 


ns 


ns 


ns 


N 
fee) 
o 

nN 

~ 

oO 


oO 


ns 


a aay eee cag 


| 
ava —_ Viot Valid Wot Valid 
$ tco Hl 
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teyc 


E Vi 
Q 
zo? 2.4V 
R/W 
Addr. 2.4V 
* : 
BA, BS 0.5v_5 
Data 
BUSY, 
LIC, 
AVMA 





N89 Not Valid 


* Hold time for BA, BS not specified 
(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vi ymin and logic “Low” = Vi, max unless otherwise specified. 


Figure 1 Read Data from Memory or Peripherals 


teyc 





. Vi 
Q 
R/W 
Addr. 2.4V 
BA, BS* 0.5V 
Data 

BUSY, 
LIC, 
AVMA 


“ Hold time for BA, BS not specified 
(NOTE) Waveform measurements for ali inputs and outputs are specified at logic ‘‘High’’ = Viptmin and logic “Low” = Vj, ma x unless otherwise specified. 


Figure 2 Write Data to Memory or Peripherals 
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HD6809E 


O @ 
Ao~Ais D,~D, 
[x [x = 
16 


poe | 
- et * post 
Ld . — 


Y . 
* Interrupt FIRQ 
Control ind 


CC dl Bus HALT 
Control BA 


Figure 3 HD6809E Expanded Block Diagram 


om 


eeY = PROGRAMMING MODEL 
As shown in Figure 5, the HD6809E adds three registers to 
RL=2.2ka2 the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Test Point Index Register. 
e@ Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
C = 30 pF for BA, BS, LIC, AVMA, BUSY Register, and is formed with the A Register as the most 

130 pF for Dp ~D, significant byte. 

90 pF for Ao ~Ais, R/W recipi eats aD) 

- . @ Direct Page Register 
sans a - . a R/W The Direct Page Register of the HD6809E serves to enhance 

24 kQ for BA, BS, LIC, AVMA, BUSY the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag ~ Ajs) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
Figure 4 Bus Timing Test Load cleared during Processor Reset. 


Cc R 


All diodes are 1S2074(H) or equivalent. 
C includes stray capacitance. 
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HD6809E 











eee een 








Pointer Registers 
Program Counter 


Accumulators 


Direct Page Register 


CC — Condition Code Register 


Figure 5 Programming Model of The Microprocessing Unit 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers, 


® Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6809E to be used effi- 
ciently as a stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 


(NOTE) The stack pointers of the HD6809E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 


@ Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 


® Condition Code Register (CC) 
The Condition Code Register defines the state of me 
processor at any given time. See Figure 6. 


Carry 
Overfiow 
Zero 
Negative 
{RQ Mask 
Half Carry 
FIRQ Mask 
Entire Fiag 





Figure 6 Condition Code Register Format | 


CONDITION CODE REGISTER DESCRIPTION 


@ Bit 0 (C) 

Bit O is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


@ Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
from the MSB in the ALU does not match the carry from the 
MSB-1. 


® Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


® Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation, Thus, a 
negative two’s-complement result will leave N set to a one. 
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@ Bit 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the TRQ line if this bit is set to a one. NMI, 
FIRQ, IRO, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 





@ Bit 5 (H) 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 


@ Bit 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 











@ Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


& HDG809E MPU SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V +5%. 


@ Address Bus (Ay ~ A\5) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,,, R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is “High’’ or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 


@ Data Bus (Dy, ~ D,) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 


@ Read/Write (R/W) 

This signal indicates the direction of data transfer on the 
data bus. A “Low” indicates that the MPU is writing data onto 
the data bus. R/W is made high impedance when BA is “High” 
or when TSC is asserted. Refer to Figures 1 and 2. 


@ RES 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE,, and FFFFi.¢ 
(Table 1) when Interrupt Acknowledge is true, (BA - BS = 1). 
During initial power-on, the Reset line should be held ‘“‘Low” 
until the clock input signals are fully operational. 

Because the HD6809E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 


‘HD6809E 


This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 


Table 1 Memory Map for Interrupt Vectors 


Memory Map for Vector 
Locations 


Interrupt Vector 
Description 





Reserved 


@® HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven “High” indicating the buses are high impedance. BS 
is also “High” which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally. A halted state (BA - BS = 1) can be 
achieved by pulling HALT “Low” while RES is still “Low”. See 
Figure 8. 





@ Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes “Low”, a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 











MPU State 





MPU State Definition 







Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 





Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRO, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6809E is in a 
Halt condition. 
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Figure 7 RES Timing 
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Figure 8 HALT and Single Instruction Execution for System Debug 
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HD6809E 


® Non Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9, 


@ Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 


© interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an Interrupt 
Request sequence provided the mask bit (1) in the CC is clear. 
Since IRQ stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 





* ‘NMI, FIRQ, and IRQ requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized. The pending interrupt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain “Low” until 
completion of the current instruction they may not be recognized. 
However, NMI is latched and need only remain ‘“‘Low” for one cycle. 





® Clock Inputs E, Q 

E and Q are the clock signals required by the HD6809E. 
Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6809E. 


@ BUSY 
Busy will be “High” for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 





of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also “High” during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a “‘test-and-set” primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 


_ Figure 12. Timing information is given in Figure 13. Busy is 


valid tcp after the rising edge of Q. 


© AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is “Low” when the MPU is in either a 
HALT or SYNC state. AVMA is valid tcp after the rising edge 
of Q. 


® LIC 

LIC (Last Instruction Cycle) is “High” during the last cycle 
of every instruction, and its transition from “High” to “Low” 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be “High” when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 


@ TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). 

While E is “Low”, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are ina 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 


@ MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 
input can also alter the normal execution of instructions. 
Figure 15 illustrates the flow chart for the HD6809E. 
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Figure 9 IRQ and NMI Interrupt Timing 
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Figure 10 Fira interrupt Timing 
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Figure 11 HD6809E Clock Generator 
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Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 
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Figure 14 TSC Timing 


< 
7) 
so] 
oO 
© 
© 
m 










O-DPR 
OF, 1 
1-R/W 

Cir NUT 
Logic 
Disarm 
HALT 


‘py] BoveWy 1yoRNH 


(G)) 


Unstack CC 


IHOVLIH 


OOE8-SEr (80h) © LELSE VO ‘SOF ueg ee snuaAY 2/001 ,.O 0122 « 


(NOTES) 1. Asserting RES will result in entering the reset 
sequence from any point in the flow chart. 
2. BUSY is “High” during first vector fetch cycle. 


6cl 


Clr ce Se 
Unstack Unstack A, B, 
PC OP, X, Y, U, PC 


RTI 


t 















Stack PC, U, Y, 
X, DP, B, A, CC 


re 


0-BA 
i-BS 
O> LIC 
[Next Inst. | eer 
(Vector) > PC 


) 
i 


ci 







FFFC 
FFFA 
<ewi2> FFF8 
>< FIRO | FFF6 
N SW!2 
<wig>—_——j [swis [rrr 
ua 
N #CC-CC 
Vari lao © 
N 
Co) <Grn> 
N 
| HD6809E Interrupt Structure 
| 1 Lic | | sus States State | BA | BS | 
Interrupt or Reset Acknowledge Fo] 4 | 
MPU 
Write To Sync Acknowledge | 1 | 0 | 


[Hatt Acknowledge [1 | 1 


Figure 15 Flowchart for HD6809E Instruction 
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= ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6809E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6809E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6809E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 

Constant Offset 

Accumulator Offset 

Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


© Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ immediate Addressing 
In Immediate Addressing, the effective address of the data 

is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6809E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with immediate 
Addressing are: 

LDA #$20 

LDX #$F000 

LDY #CAT 


(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 


@ Extended Addressing 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 


® Extended Indirect 
As a special case of indexed addressing (discussed below), 

one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 

LDA [CAT] 

LDX [SFFFE] 

STU [DOG] 





@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6809E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 


LDA = $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct 
addressing. 


@ Register Addressing 
Some opcodes are followed by a byte that defines a register 

or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 

TFR X,Y Transfer X into Y 

EXG A,B Exchanges A with B 

PSHS A,B, X,Y Push Y, X, B and A ontoS 

PULU X,Y,D Pull D, X, and Y from U 


@ Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 


Post-Byte Register Bit aaiecind 
7yels[ai3[2]1]o. Mode 


EA = ,R+5 Bit Offset 


0 
t{rir{olo| oo! o| A+ 
1iAtrRi]ifofojo[ 1] R++ 
1j;R{ir{tofofo]i| o| A 
r1jtrir{ifofo]1|1| ez: 
ttrir{ifo{1{o]| o] EA =,R +0 Offset 
tiRirm}ivtofifolis]  ea=,R+Acce Oftser 
1 TRiR{ifolif[i]o| EA = ,R + ACCA Offset 
tiratrlislrtofolo. EA =, R+8 Bit Offect 
1fralr}ifr]olo] 1]  ea=,R +16 Bit Offse 
tjAltryifsfotst ys] EA = .R + D Offset 
1ix]x]ifrifs}of{ ol]  eAa=,Pc+8 Bit Oftse 
tixfxfifaf1f[ol] 1]  €Aa=,Pc + 16 Bit Oftser 
tiRiRi its tsfat | EA = [Address] 
een ait Semin Seeeeeeetennininrttis stein! 
bee Addressing Mode Field 
| ees Indirect Field 
(Sigh bit when b7 = 0) 
Register Field : RR 
00 = X 
x = Don't Care o1=Y 
d = Offset Bit ce 
. 0 = Non Indirect 
a { 1 = Indirect 


Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 


Indirect 
orm OP Code | ~|# Form OP Code |~|# 
Constant Offset From R | NoOffer | _.R | 1RROOI00 |o[o| LAI | 1AR10100 | 3/0 
(2s Complement Offsets) SpicOftet | _n,R | ORRnnnnn |1|0|  _defaulwtoSbit | 
PepitOffet | _n,R | 1ARO1000 |1|1] In,RI | 1RAI1000 [4/1 
| 16 BitOffset_ | on, R | IRROIOO1 [4/2 |  [n,RI_ | 1RR11001 | 7/2 
Accumulator Offset From R | ARegister Offset | AR | IRROQ1I0 [1/0 | [ARI | IRRI0110 | 4/0 
(2s Complement Offsets) [5 Register Offset | BR | 1RROOION [1/0] [8,R] | IAAIOIO1 [4/0 
| [0 Register Offset | _0,R | 1AROTO11 |4[0| (0, A) | IRRNIO11 [7/0 
Auto Increment/Decrement R | Increment By1 |  ,R+ | 1RROOOOO | 2/0 | not allowed ie 
increment By2_| .R++ | TARO0001 [s/o] LA+H | 1ART0001 | 6|0 
[Decrement By1 | _.-R | 1RROODIO [2/0 notallowed | 
_ [Decrement By2 | ,--R | IRROOO11 [3/0] (--A} | 1ARI0011 | 6)0 
Constant Offset FromPC = |_ @ Bit Offset | n,PCR | txx01100 [1/1 | [n,PCR] | txx11100 | 4/1 
(2s Complement Offset) [Te pit Offset | n,PCR | txxo1101_[5|2| In, PCRI | _txxt1101_ [8]? 
Extended indiec Prepicaddes | - | - [=] _ | toon [5] 
R=X,Y,UorS RR: 
x = Don’t Care 00 = X 
01=Y 
10=U 
11=$ 


~and 4 indicate the number of additional cycles and bytes for the particular variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are: 
LDD 0,X— 
LDA SS 


Constant Offset Indexed 

_ In this mode, a two’s-complement offset and the contents 
of one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 


Three sizes of offsets are available: 
5-bit (—16 to +15) 
8-bit (—128 to +127) 
16-bit (—32768 to +32767) 


The two’s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two’s complement 8-bit offset is contained in a single byte 
following the postbyte. The two’s complement 16-bit offset is 
in the two bytes following the postbyte..In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 


Examples of constant-offset indexing are: 
LDA 23,X 
LDX ~-2,S 


LDY 
LDU 


300, X 
CAT, Y 


Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX D,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two. This addressing 
mode is useful in stepping through tables, moving data, or 
for the creation of software stacks. In auto decrement, the 
pointer register is decremented prior to use as the address of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,X+t 
STD ,Yt++ 
LDB ,-Y 
LDX ,--S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 


0 - temp calculate the EA; temp is a holding register 
X+2>X perform autoincrement 
X—+(temp) do store operation 


@ Indexed Indirect | 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from ‘the Index Register and an 
offset. ; 

Before Execution 

A =XX (don’t care) 

X = $FO00 


$0100 LDA [$10, X] EA is now $F010 
$FO10 $FI1 $F 150 is now the 
$FO11 $50 new EA 

$F150 $AA 


After Execution 
A= $AA (Actual Data Loaded) 
X = $F000 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA [,X] 
LDD [10,8] 
LDA [B, Y] 


LDD [,X++] 


@ Relative Addressing 

The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2'©. Some examples of relative addressing 
are: 


BEQ CAT 
BGT DOG 


(short) 
(short) 


CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
RAT NOP 
RABBIT NOP 


@ Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: ? 

LDA  CAT,PCR 

LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA _ [CAT, PCR] 
LDU =—«[DOG, PCR] 


= HDG6809E INSTRUCTION SET 

The instruction set of the HD6809E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464, 

Some of the new instructions are described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either. the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 


< Pull Order Push Order > 
PC U Y X DP B AC 
FFFF ....... < increasing memory address ....... 0000 
PC S Y XK DP B A_ CC 
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@ TFR/EXG 

Within the HD6809E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits 0~3 represent the destination register. These are denoted 
as follows: 


0000 — D 0101 — PC 
0001 — X 1000 —A 
0010 —Y 1001 —B 
0011—U 1010 —CC 
0100 —S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 


TRANSFER/EXCHANGE POST BYTE 


@® LEAX/LEAY/LEAU/LEAS 

The LEA (Load Effective Address) works by calculating the 
effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By writing MSG1, 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSG1 into the X pointer register. This 
code is totally position independent. 

_ The LEA instructions are very powerful and use an internal 
holding register-(temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, bt (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1.b—>temp (calculate the EA) 

2.b+1—+b (modify b, postincrement) 

3. temp —>a_ (load a) 


LEAa, — b 

1. b—1-—temp (calculate EA with predecrement) 
2.b—1->b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAX, —X does decrement X. LEAX 1, X should be 
used to increment X by one. 


HD6809E 


Table 3 LEA Examples 


X+10 >X 
X + 500 > X 
YtA -~Y 
Y+D -~Y 
U-10-U 
$-—10 -S 
$+10-S 
S+5 ->*X 




















Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit A accumulator to Y 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 


Instruction 


LEAX 10, X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU —10, U 
LEAS -—10,S 
LEAS 10,S 
LEAX 5,S 














e@ MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long and Short Relative Branches 

The HD6809E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 


e SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 





Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6809E, and are prioritized in the following order: SWI, 
SWI12, SWI3. 


16-Bit Operation 

The HD6809E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


m CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6809E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF,, on the address bus, R/W = “High” and BS = “Low”. 
The following examples illustrate the use of the chart; see 
Figure 18. 
Example 1: LBSR (Branch Taken) 

Before Execution SP = F000 


$8000 LBSR CAT 


$A000 CAT ° 


CYCLE-BY-CYCLE FLOW 





Example 2: DEC (Extended) 


$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
1 8000 7A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
| Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 => 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 TF 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 


Cycle# Address Data R/W Description ® HDGS09E INSTRUCTION SET TABLES 
1 8000 17 1 Opcode Fetch The instructions of the HD6809E have been broken down 
Z 8001 1F 1 Offset High Byte into five different categories. They are as follows: 
3 8002 FD 1 Offset Low Byte 8-Bit operation (Table 4) 
4 FFFF * 1 VMA Cycle 16-Bit operation (Table 5) 
5 FFFF * 1 VMA Cycle Index register/stack pointer instructions (Table 6) 
6 FFFF * 1 ‘VMA Cycle Relative branches (long or short) (Table 7) 
7 FFFF * 1 VMA Cycle Miscellaneous instructions (Table 8) 
8 EFFF 03 0 Stack Low Order 
Byte of Return HD6809E instruction set tables and Hexadecimal Values of 
Address instructions are shown in Table 9 and Table 10. 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
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aa 







Last Cycle Sync 


A Last Cycle 
of Previous Opcode of Sync 
Instruction, Fetch Execute Syne Acknowledge Instruction 


See Note 2 


(NOTES) 1. If the associated mask bit is set when the interrupt is requested, LIC will go ‘‘Low” and this cycle will be an instruction fetch from address 


location PC + 1. However, if the interrupt is accepted ( or an unmasked FIRG or TRQ) LIC will remain ‘“‘High”’ and interrupt processing 
will start with this cycle as (m) on Figure 9 and 10 (Interrupt Timing). 
2. If mask bits are clear, TRO and must be held “‘Low” for three cycles to guarantee that interrupt will be taken, although only one cycle 


is necessary to bring the processor out of SYNC. 


3. Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vipmin and logic ‘Low’ = Vitmax unless otherwise 
specified. 


Figure 17 SYNC Timing 
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Opcode (Fetch) 


Opcode + 












(Note 1) 
2 Bytes ¥ =. 
Opcode 
Long Short immediate and N 
Branch Branch Implied Direct Extended 
Opcode + 
Opcode + ve a. 
. | . VMA 
VMA 
Take 
Branch? 
(Note 2) TN 
ADDR 






> 


VMA 


place Write 


Stack Write 









(NOTE) 
1. Busy = “High” during access of first byte of double byte immediate load. 


Operation | 
(Following 
Pages) 


Offset 
ACCA 
ACCB 

R +5 Bit 

R +8 Bit 
PC + 8 Bit | 


indexed 


Auto Auto ! So 
inc/Dec Inc/Dec Opcode + PC+ Extended No 


by1 by2 R+16Bits} R+D  16Bits Indirect Offset 


Opcode + Opcode + Opcode + Opcode + 




















VMA _t 
i VMA = VMA VMA 
VMA VMA VMA VMA VMA 

VMA VMA VMA- = VMA VMA VMA 
VMA 


_¥ 


indirect (H), Busy < 1 
Indirect (L), Busy <- 0 


VMA 





VMA 


2. Write operation during store instruction. Busy = “‘High’’ during first two cycles of a double-byte access and the first cycle of read-modify-write access. 





3. AVMA is asserted on the cycle before a VMA cycle. 


Figure 18 Address Bus Cycle-by-Cycle Performance 
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ASLA 
ASLB 
ASRA 
ASRB 
CLRA 
CLRB 
COMA 
COMB 
DAA 
DECA 
DECB 
INCA 
INCB 


Implied Page 


LSLA | 
LSLB | 


LSRA 


LSRB | 


NEGA 
NEGB 
NOP 
ROLA 
ROLB 
RORA 
RORB 
SEX 
TSTA 
TSTB 


PSHU PULU swi 
ABX RTS TFR EXG MUL PSHS PULS SWI2° CWAI RTI 
SWi3 
VMA ADDR STACK (R) 
VMA | 
oe VMA VMA VMA VMA VMA 
VMA VMA | , I ! 
VMA VMA . l m we 
VMA VMA STACK (W) STACK (W) 
VMA  VMA ‘AdDOR<sP STACK (W) STACK (W) 
VMA VMA STACK (W) STACK (W) 
ee i VMA VMA STACK (W) STACK (W) 
VM VMA NMA {stack w} 1? STACK (W) STACK (W) 
VMA ote 3) STACK (W) STACK (W) 
VMA : 42 STACK (W) STACK (W) 
VMA {Stack (R)} * STACK (W) STACK (W) 
(Note 3) 2 STACK (W) STACK (Ww) 
STACK (W) STACK (W) 
STACK (W) STACK (W) slate Gj 
STACK (W) STACK (W) 
oo 
ADDR<SP VMA  VMA , 
(Note 4) 
VECTOR (H), VECTOR (H), 
BUSY <1 BUSY <1 
VECTOR (L), VECTOR (L), ADDR <SP 
BUSY <0 BUSY <0 
VMA VMA 
(NOTES) 


1. 


Pw 


Stack (W) refers to the following sequence: SP < SP — 1, then ADDR < SP with R/W = “‘Low” 

Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP <-SP + 1. 

PSHU, PULU instructions use the user stack pointer (i,e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 
Vector refers to the address of an interrupt or reset vector (see Table 1). 

The number of stack accesses will vary according to the number of bytes saved. 

VMA cycles will occur until an interrupt occurs, 


Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 






STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
STACK (R) 
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(NOTES) : 
1. Stack (W) refers to the following sequence: SP <- SP — 1, then ADDR < SP with R/W = “Low” 


Pen 


Non-implied. 
ADCA | LDD | ASL TST 
ADCB LDS | ASR 
ADDA LDU } CLR 
ADDB LDX COM 
ANDA LDY DEC 
ANDB INC 
BITA ANDCC LSL 
BITB ORCC |} LSR 
CMPA NEG 
CMPB ROL | 
EORA ROR 
EORB 
LDA 
LDB 
ORA 
ORB 
SBCA 
SBCB 
STA 
STB 
SUBA | 
SUBB VMA, BUSY <1 
ADDR + 
BUSY <0 
VMA 
ADDR + VMA 


ADDD JSR stp} 
CMPD | | sts} 
CMPS | stu} 
CMPU STX | 
CMPX STY 
CMPY | 
SUBD 
VMA 
STACK (W) 
STACK (W) 
ADDR + 
VMA | appr + ww) 


Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP <— SP + 1. 


PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S}. 
. Vector refers to the address of an interrupt or reset vector (see Table 1). 


The number of stack accesses will vary according to the number of bytes saved. 
VMA cycies will occur until an interrupt occurs. 





Figure 18 Address Bus Cycle-by-Cycie Performance (Continued) 
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Mnemonic(s) 
ADCA, ADCB 
ADDA,.ADDB 
ANDA, ANDB 
ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TER R1, R2 





Table 4 8-Bit Accumulator and Memory Instructions 


Operation 
Add memory to accumulator with carry 
Add memory to accumulator 
And memory with accumulator 
Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 
Clear accumulator or memory location 
Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 
Decrement accumulator or memory location 
Exclusive or memory with accumulator 
Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 
Load accumulator from memory 
Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (A x B > D) 
Negate accumulator or memory 
Or memory with accumulator 
Rotate accumulator or memory left 
Rotate accumulator or memory right 


Subtract memory from accumulator with borrow 


Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 
Transfer R1 to R2 (R1, R2 =A, B, CC, DP) 


(NOTE) A, B, CC or OP may be pushed to (pulled from) either stack with PSHS, PSHU 


(PULS, PULU) instructions. 


Mnemonic(s) 
ADDD 
CMPD 

EXG D,R 
LDD 

SEX 

STD 

SUBD 

TFR D,R 
TFR R,D 


Table 5 16-Bit Accumulator and Memory Instructions 


Operation 
Add memory to D accumulator 
Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 
Load D accumulator from memory 
Sign Extend B accumulator into A accumulator 
Store D accumulator to memory | 
Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 
Transfer X, Y,S, U or PC to D 


(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) - 


instructions. 
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Mnemonic(s) | | 


_CMPS, CMPU 


CMPX, CMPY. 


EXG R1, R2 

_ LEAS, LEAU 
LEAX, LEAY 
LDS, LDU 


LDX, LDY 


PSHS 
PSHU 
PULS 
PULU 

STS, STU 
STX, STY 
TFR R1, R2 
ABX 


Mnemonic(s) 


BEQ, LBEQ 
BNE, LBNE 
BMI, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


BGT, LBGT 
BGE, LBGE 
BEQ, LBEO 
BLE, LBLE 
BLT, LBLT 


BH!, LBHI 

BHS, LBHS 
BEQ, LBEQ 
BLS, LBLS 
BLO, LBLO 


BSR, LBSR 
BRA, LBRA 


BRN, LBRN 


Table 6 Index Register Stack Pointer Instructions 


Operation 
Compare memory from stack pointer | 
Compare memory from index register 
Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 
Load effective address into index register 
Load stack pointer from memory 
Load index register from memory 
Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
Store stack pointer to memory 
Store index register to memory 
Transfer D, X, Y,S, U or PC toD, X, Y,S, Vor PC 
Add B accumulator to X (unsigned) 


Table 7 Branch Instructions 


| Operation 
SIMPLE BRANCHES 

Branch if equal 

Branch if not equal 

Branch if minus 

Branch if plus 

Branch if carry set 


“Branch if carry clear 
- Branch if overflow set 


Branch if overflow clear 

SIGNED BRANCHES 
Branch if greater (signed) 
Branch if greater than or equal (signed) 
Branch if equal 
Branch if less than or equal (signed) 
Branch if less than (signed) 

UNSIGNED BRANCHES 

Branch if higher (unsigned) 
Branch if higher or same (unsigned) 
Branch if equal 
Branch if lower or same (unsigned) 
Branch if lower (unsigned) 

OTHER BRANCHES 


Branch to subroutine 


Branch always 


Branch never 
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ANDCC 
CWAI 

NOP 

ORCC 

JMP 

JSR 

RTI 

RTS 

SWI, SWI2, SWI3 
SYNC 
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Table 8 Miscellaneous Instructions 


Operation 
AND condition code register 
AND condition code register, then wait for interrupt 
No operation 
OR condition code register 
Jump 
Jump to subroutine 
Return from interrupt 
Return from subroutine 
Software interrupt (absolute indirect) 
Synchronize with interrupt line 
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Table 9 HD6809E Instruction Set Table 





HD6S09E ADDRESSING MODES | 


INSTRUCTION/ }—— ———— 
FORMS. (IMPLIED | DIRECT | EXTENDED | IMMEDIATE | INDEXED®| RELATIVE | pescriPTION 








/5|3|2]1/0 
ee ee FHIN|z[vic 
one | FUNSIG JED) oi be lol in 
ADC ~.ADCA 5 ASM EO, tityt] tit 
ADCB 5 B+M+C-B tityt ty 
ADD ADDA 5 A+M-A tity;t tye 
ADDB 5 B+M—-B fitititit 
ADDD | 7 D+M:M+1—-D j;e/tit {tit 
AND ANDA 5 AAM-A eit;t|/Olje 
ANDB 5 B AM~>8 @e;ti/t)/o \e 
ANDCC | CCA IMM — CC D ) 
ASL ASLA A Ditititi 
ASL 7 M)° Py tity tf 
ASR’ ASRA A sere altitielt 
ASRB B @it i tjeit 
ASR 7 M b7 so OC titleit 
BCC BCC Branch C=0 @\e@/\e/e 
LBCC Long Branch eleieie 
Cc=0 
BCS BCS Branch C= 1 e\e r) 
LBCS Long Branch @ |e e 
C=1 
BEQ BEQ Branch Z=1 @ |e | @ 
LBEQ Long Branch e\e r) 
= 
BGE BGE Branch N ®V=0 ©)|@ © 
LBGE Long Branch @)|e@le ® 
N ® V=0 
BGT BGT Branch Zv (N®@V)=0 © |e ® 
LBGT Long Branch @ |e e 
ZV(N ® V)=0 
BHI BHI Branch CV2Z=0 ele |e 
LBHI Long Branch @/\e @ 
CV2Z=0 
BHS BHS Branch e\e e 
C=0 
LBHS Long Branch e@je e 
C=0 
BIT BITA 5 Bit Test A (MAA) 14 e 
BITB 5 Bit Test B (M AB) tit ® 
BLE BLE Branch ZUIN@®YV)=1 @;e © 
LBLE Long Branch @/\°e ® 
ZVIN@V)=1 
BLO BLO Branch C=1 @je e 
LBLO Long Branch @\e @ 
Cc=1 
BLS BLS Branch e |e e 
CV 2=1 
LBLS Long Branch e\e ® 
CV 2=1 
BLT BLT Branch N ® V=1 @/\e e 
LBLT Long Branch ee e 
N ®V=1 
BMI BM! Branch N=1 e/\e @ 
LBMI Long Branch @ |e @ 
N=1 
BNE BNE Branch Z =0 @\e € 
LBNE Long Branch @ |e © 
Z2=0 
BPL BPL Branch N=0 ele ° 
LBPL Long Branch @/\e e 
N=0 
BRA BRA Branch Always |@|@ e 
LBRA Long Branch/ ej\e e 
Always | 
BRN BRN Branch Never \@|@/e |@ 
LBRN Long Branch Never) @ | @ | @ e 
(to be continued) 
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BSR 


BVC 
BVS 
CLR 


CMP 


COM 


CWAI 


DAA 
DEC 


EOR 


EXG 
INC 


JMP 
JSR 
LD 


LEA 


LSL 
LSR 


MUL 


NEG 


NOP 


CLRA 


CLR 


CMPA 
CMPB 
CMPD 


CMPS 
CMPU 
CMPX 
CMPY 


COMA 
COMB 
COM 


DECA 
DECB 
DEC 


EORA 
EORB 


R1,R2 


INCA 
INCB 
INC 


LDA 
LOB 
LDD 
LDS 


LDU 
LDX 
LDY 


LEAS 
LEAU 
LEAX 
LEAY 


LSLA 
LSLB 
LSL 


LSRA 
LSRB 
LSR 


NEGA 
NEGB 
NEG 


43 
53 


19 


4A 
5A 


1E 


4c 
5C 


~ o>) ~ ~ wha Oo 


At Anakh I WwW OD 


Ww Ny WwW W WNHD N 


WNHN WPHNN NHN NHN N 


on CO OP OOO ~w 


NOD Ou Oo s 





D6809E ADDRESSING MODES | 
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WW PWWW W WwW WwW 
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DESCRIPTION et 2 


Branch to © 
Subroutine 

Long Branch to e 
Subroutine 


Branch V=0 e 
Long Branch e 
V=0 


Branch V=1 © e 


Long Branch ® 


O-A Oo 

0O-B 0 

0O-M 0 

Compare M from A t 

Compare M from B t 

Compare M: M + 1 t 
from D 

Compare M: M + 1 t 
from S 

Compare M: M+ 1 t 
from U 

Compare M: M + 1 t 
from X 

Compare M: M+ 1 t 
from Y 


A>A 
B-B 
M-+M 


CC AIMM— CC 
(except 1—-E) 
Wait for Interrupt 
Decimal Adjust A 


Q “ee 
Nad at od 


“~ 6 €@ @ 


A-1-A 
B-—-1->8 


M—1—-M 
A®M-A 
B@aM-B 
R1+ R22 
At1—-A 
B+t1i-B 
M+1—->M 
EA” — PC 
Jump to Subroutine 


M-A 
M—B 
M:M+1—->D 
M:M+1-—-S 


CO ee @ 


@ee02e2 © @ @@6€~ @©0@6¢6@Q6 + 


eevee © © Here 2) oe Bee & 


@eee 6 @980@8~. @@ 882 @ 


M:M+1—>U 
M:M+t+1— X 
M:M+17> Y 


oer <> > > > o> @ e@ cares 
ooo oooo @ @ eee 


eg? @e 
ooe 
eee 


6) 
EA® =. 5 
EA® = U 
EA® — xX 
EAS = Y 
A = 
eH MT 
b7 


M 


@ 080060 0008 
@ COO +++ ©6080 
eo C64 Seo 6H eB 
@ 006 Hoe 0868 


@ ove ooo 8@2@28606 


AxB-D 
(Unsigned) 
A+1-A 
B+1-8 
M+1-M 


No Operation 


® ©oe 
ewe oe 
ewe eo 
@ eee 
e@ wee 


(to be continued) 
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aren HD6809E ADDRESSING MODES 
INSTRUCTION/ 





FORMS IMPLIED DIRECT |EXTENDED | IMMEDIATE | INDEXED® RELATIVE DESCRIPTION ha | 0 
Cc 
OR ORA AVM—-A e 
ORB ByvyM-B @ 
ORCC CC v IMM— CC ) 
PSH PSHS Push Registers on e 
S Stack 
PSHU Push Registers on @ 
U Stack 
PUL PULS Pull Registers from ) 
S Stack cH 
PULU Pull Registers from ) 
U Stack 
ROL ROLA A tit 
ROLB B tit 
ROL Mj) ¢ tif 
ROR RORA A eit 
RORB B @\t 
ROR M Ld @;t 
RTI Return From ) 
interrupt 
RTS Return From e 
| Subroutine 
SBC SBCA A-M-—C-A tit 
SBCB B-M—-C-B tit 
SEX Sign Extend B @;e 
ST STA 4 Ole 
STB 4 Oj\e 
STD 5 O|e 
STS | 6 Q)/e 
STU 5 O0;|e 
STX 5 Q;e 
STY 6 O/;e 
SUB SUBA tit 
SUBB tit 
SUBD tit 
SWI swi® Software Interrupt! ele 
swi2® Software Interrupt2 ele 
swi3® Software Interrupt3 ele 
SYNC Synchronize to e|e 
Interrupt 
TFR R1,R2 R1>R22 ) 
TST TSTA Test A e 
TSTB Test B 2 
TST Test M & 
(NOTES) 
@ This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
@ 


R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, B, CC, DP 

The 16 bit registers are: X, Y, U,S, D, PC 

EA is the effective address. 

The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 

5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 

SWI sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 

Conditions Codes set as a direct result of the instruction. 

Value of half-carry flag is undefined. 

Special Case — Carry set if b7 is SET. 

Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 


LEGEND: 


@O©GQBOGSO 


OP Operation Code (Hexadecimal) z Zero (byte) 
~ Number of MPU Cycles Vv Overflow, 2’s complement 
# Number of Program Bytes C Carry from bit 7 
+ Arithmetic Plus t Test and set if true, cleared otherwise 
~ Arithmetic Minus e Not Affected 
x Multiply CC Condition Code Register 
M —s- Comptement of M : Concatenation 
a Transfer Into Vv Logical or 
H Haif-carry (from bit 3) A Logical and 
N Negative (sign bit) @ Logical Exclusive or 
@ HITACHI 


144 Hitachi America Ltd. * 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 





HD6809E 


Table 10 Hexadecimal Values of Machine Codes 


OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
00 NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 + 31 LEAY 4+ 2+ 61 + 

02 ® 32 LEAS 4+ 2+ 62 . 

03 COM 6 2 33 LEAU Indexed 4+ 2+ 63 COM 6+ 2+ 
04 #LSR 6 2 34 PSHS implied 5+ 862 64 LSR 6+ 2+ 
05 * 35 PULS 5+ 2 65 * 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 +#ASR 6 2 37. PULU 5+ 02 67 ASR 6+ 2+ 
08 ASL, LSL 6 2 38 7 68 ASL, LSL 6+ 2+ 
09 ROL 6 2 39 RTS 5 1 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
0B he 3B RTl Implied 6,15 1 6B * 

oc INC 6 2 3C CWAI Immed = 20 2 6C INC 6+ 2+ 
oD TST 6 2 3D MUL Implied 11 1 6D TST 6+ 2+ 
OE JMP 3 2 3E * 6E JMP 3+ 2+ 
OF CLR Direct 6 2 3F Swi Implied 19 1 6F CLR Indexed 6+ 2+ 
10 } See _ _ - 40 NEGA Implied 2 1 70 NEG Extended 7 3 
11 Next Page - _ _ 41 * 71 * 

12 NOP Implied 2 1 42 . 72 if . 

13 SYNC Implied 24 1 43 COMA 2 1 73 COM 7 3 
14 i 44 LSRA 2 1 74 LSR 7 3 
15 * 45 * 75 * 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17 LBSR Relative 9 3 47 ASRA 2 1 77. ~=ASR 7 3 
18 * 48 ASLA, LSLA 2 1 78 ASL, LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC immed 3 2 4A DECA 2 1 7A DEC 7 3 
1B * - 4B . 7B sf 

ic ANDCC Immed 3 2 4c INCA 2 1 7C INC 7 3 
1D SEX Implied 2 1 4D TSTA 2 1 7D TST 7 3 
1E EXG 8 2 4E * 7E JMP 4 3 
1F TFR Implied 6 2 4F CLRA Implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB Implied 2 1 80 SUBA Immed 2 2 
21 BRN 3 2 51 bs 81 CMPA 2 2 
22 BHI 3 2 52 * 82 SBCA 2 2 
23 BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
‘24 BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 * 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 BEQ 3 2 57 ASRB 2 1 87 * 

28 BVC 3 2 58 ASLB, LSLB 2 1 88 EORA 2 2 
29 BVS 3 2 59 ROLB 2 1 89 ADCA 2 2 
2A BPL 3 2 5A DECB 2 1 8A ORA 2 2 
28 BMI 3 2 5B = 8B ADDA 2 2 
2C BGE 3 2 5C INCB 2 1 8C CMPX Immed 4 3 
2D BLT 3 2 5D TSTB 2 1 8D BSR Relative 7 2 
2E BGT 3 2 5E * 8E LDX immed 3 3 
2F BLE Relative 3 2 5F CLRB Implied 2 1 SF * 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode ~ # 
90 SUBA Direct 4 2 C6 LDB immed 2 2 FC LODD Extended 6 3 
91  CMPA 4 2 C7 * FD STD 6 3 
92 SBCA 4 2 c8 EORB 2 2 FE LDU 6 3 
93 SUBD 6 2 c9 ADCB 2 2 FF STU Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB ADDB 2 2 
96 LDA 4 2 cc LDD 3 3 2 Bytes Opcode 
97 STA 4 2 CD * . 
98  EORA 4 2 CE LOU immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF * 1022 LBHI 5(6) 4 
9A ORA 4 2 1023 LBLS 5(6) 4 
9B ADDA 4 2 DO SUBB Direct 4 2 1024 LBHS, LBCC 5(6) 4 
9C CMPX 6 2 Di CMPB 4 2 1025 LBCS, LBLO 5(6) 4 
9D JSR 7 2 D2 SsBCB 4 2 1026 LBNE 5(6) 4 
9E LDX 5 2 D3. ADDD 6 2 1027 LBEQ 5(6) 4 
QF STX Direct 5 2 D4 ANDB 4 2 1028 LBVC 5(6) 4 
D5 BITB 4 2 1029 LBVS 5(6) 4 
AO SUBA Indexed 4+ 2+ D6 LDB 4 2 102A LBPL 5(6) 4 
A1  CMPA 4+ 2+ D7 STB 4 2 102B LBMI 5(6) 4 
A2 SBCA 4+ 2+ DS EORB 4 2 102C LBGE 5(6) 4 
A3 SUBD 6+ 2+ D9 ADCB 4 2 102D LBLT 5(6) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT 5(6) 4 
A5 BITA 4+ 2+ DB ADDB 4 2 102F LBLE Relative 5(6) 4 
A6 LDA 4+ 2+ DC LOD 5 2 103F SWI2 implied 20 +2 
A7 STA 4+ 2+ DD SsTD 5 2 1083 CMPD immed 5 4 
A8 EORA 4+ 2+ DE LDU 5 2 108C CMPY — 5 4 
AQ ADCA 4+ 2+ DF STU Direct 5 2 108E LDY Immed 4 4 
AA ORA 4+ 2+ 1093 CMPD Direct 7 3 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ = 2+ 109C CMPY 7 3 
AC CMPX 6+ 2+ E1  CMPB 4+ 24 109E LDY 6 3 
AD JSR 7+ 2+ E2 $BCB a+ 2+ 109F STY Direct 6 3 
AE LDX 5+ = 2+ E3. ADDD 6+ 2+ 10A3 CMPD Indexed 7+ 3+ 
AF STX indexed 5+ 2+ E4 ANDB 4+ 2+ 10AC CMPY 7+ 3+ 
E5 BITB 4+ 2+ 10AE LDY 6+ 3+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ 10AF STY Indexed 6+ 3+ 
B1 CMPA 5 3 E7 STB 4+ = 2+ 10B3 CMPD Extended 8 4 
B2 SBCA 5 3 ES EORB 4+ 2+ 10BC CMPY 8 4 
B3 SUBD 7 3 E9 ADCB 4+ 2+ 10BE LDY 7 4 
B4 ANDA 5 3 EA ORB 4+ 2+ 10BF STY Extended 7 4 
BS BITA 5 3 EB ADDB 4+ 2+ 10CE LDS immed 4 4 
B6 LDA 5 3 EC LOD 5+ = 2+ 10DE LDS Direct 6 3 
B7 STA 5 3 ED sTD 5+ + 10DF STS Direct 6 3 
B8 EORA 5 3 EE LDU 5+ 2+ 10EE LDS Indexed 6+ 3+ 
B9 ADCA 5 3 EF STU Indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA 5 3 FO SUBB Extended 5 3 10FF STS Extended 7 4 
BC CMPX 7 3 Fi CMPB 5 3 113F SWI3 implied 20 +2 
BD JSR 8 3 F2 SBCB 5 3 1183 CMPU Immed 5 4 
BE LDXx 6 3 F3 ADDD 7 3 118C CMPS = Immed 5 4 
BF STX Extended 6 3 F4 ANDB 5 3 1193 CMPU Direct 7 3 
F5 BITB 5 3 119C CMPS Direct 7 3 
CO SUBB immed 2 2 F6 LDB 5 3 11A3 CMPU Indexed 7+ 3+ 
C1  CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2 SBCB 2 2 F8 EORB 5 3 11B3 CMPU Extended 8 4 
c3 ADDD 4 3 F9 ADCB 5 3 11BC CMPS Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
c5 —s«BITB immed 2 2 FB ADDB Extended 5 3 


(NOTE): All unused opcodes are both undefined and illegal! 
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= NOTE FOR USE 
Execution Sequence of CLR Instruction 

Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
Indexed. Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
is read before writing “00” into it. Note that status Flags, such 
as IRQ Flag, will be cleared by this extra data read operation 
when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 


Example: CLR (Extended) 


$8000 CLR $A000 
$A000 FCB $80 
Cycle# Address Data R/W Description 
1 8000 7F 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 | Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 ] Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed “00” 
into Specified 
Location 


* The data bus has the data at that particular address. 
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" CMOS 8-BIT | 





MICROPROCESSOR ~ 
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HD6303R,HD63A03R, 


HD63B03R 


CMOS MPU (Micro Processing Unit) 


The HD6303R is an 8-bit CMOS micro processing unit 
which has the completely compatible instruction set with the 
HD6301V1. 128 bytes RAM, Serial Communication Interface 
(SCI), parallel I/O ports and multi function timer are incorpora- 
ted in the HD6303R. It is bus compatible with HMCS6800 and 
can be expanded up to 65k bytes. Like the HMCS6800 family, 
I/O level is TTL compatible with +5.0V single power supply. 
As the HD6303R is CMOS MPU, power dissipation is extremely 
low. And also HD6303R has Sleep Mode and Stand-by Mode 
as lower power dissipation mode. Therefore, flexible low power 
consumption application is possible. 


@® FEATURES . 
@ Object Code Upward Compatible with the HD6800, HD6801, 
HD6802 
@ Multiplexed Bus (Dg /Ap~D7/A7As3~A;\; ), Non Multiplexed 
Bus (Do~Dz, Ao~Ais) 
@ Abundant On-Chip Functions Compatible with the 
HD6301V1; 128 Bytes RAM, 13 Parallel 1/O Lines, 16-bit 
Timer, Serial Communication Interface (SCI) 
Low Power Consumption Mode; Sleep Mode, Stand-By Mode 
Minimum Instruction Execution Time 
tus (f=1MHz), 0.67 ys (f=1.5MHz), 0.5us (f=2.0MHz) 
Bit Manipulation, Bit Test Instruction 
Error Detecting Function; Address Trap, Op Code Trap 
Up to 65k Bytes Address Space 
Wide Operation Range 
Vec =3 to 6V (f = 0.1 ~ 0.5 MHz) 
f = 0.1 to 2.0 MHz (Vee = 5V + 10%) 


@ TYPE OF PRODUCTS 
Bus Timing 


HD63A03R 
HD63B03R 





HD6303RP, HD63A03RP, 
HD63B03RP 


(DP-40) 


HD6303RF, HD6G3A03RF, 
HD63B03RF 


HD6303RCG,HD63A03RCG, 
HD63BO3RCG 


(CG-40) 


HD6303RCP, HD63A03RCP, 
HD63B03RCP 
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® PIN ARRANGEMENT (Top View) 


® HD6303RP, HD63A03RP, 
HD63B03RP HD63B03RF 


© HD6303RF, HD63A03RF, © HD6303RCG, HD63A03RCG, 
HD63B03RCG 


Z | ee ee | 
> > 3S F one 
iS aa 6666 & & « 
& HHH HS OrinT Tor 
~ 

Di/Ay 36! 1251 Ai2 

Do/Ao} 37! 124] Ais 

R/W 38: 1231 Ars 

As[39" 122) Ais 






2 
= 
tat t&i boot thot ta 


Lod bd OW bed oe 


16) A3/P13 


5] 








® HDG303RCP, HD63A03RCP, HDG3BO3RCP « BLOCK DIAGRAM 
a J 
Oomiic - © <x lz <q < © 
Cis Fa 4 3s 22 
ZRES Se s.e83a% 
mata PURLITL ISL kat ISLSt ISL 
) <NC> 
45) D2/A2 
4) Ds/As3 
Da/Aa Do/Ao 
<NC> Wed, 
02/A 
Ds/s Be/a: 
} De/As D./As 
D7/A7 dined 
ve ? 
§) <NC> Re 
As . 
6 Ag 
A10 
4) <NC> 
SISSIES Ae Pro/Ao 
ot nm ©r oH tT OM ATA Avo Piz/A 
} agadcasaqaddcdto aN Address Pis/Aa 
z2>~> >>> Zz 42 Pra/Ma 
ot © OF Ai Buffers Es 
Vaqedtadate Vv roy = Ps /As 
re : PrgiAg 
Pir/Ay 
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® ABSOLUTE MAXIMUM RATINGS 


fem Uni 
Supply Voltage v 
input Voltage Vr v 
Operating Temperature z 
Storage Temperature °C 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vour : Vss & (Vin Of Vout) & Vec- 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V410%, Vg = OV, Ta = 0~+70°C, unless otherwise noted.) 


item | Symbol | TestCondition | min | typ | max | Unit 


RES STE es-08] = |.) 
Input “High” Voltage | EXTAL Vin |Vecx0.7| - Jang] V 
input “Low” Valtoge | All inputs | va os ts 
Input Leakage Current | NMI, (RO,, RES, STBY | Mint Vin =0.5~Vec-0.5V | - | — [1.0 | HA 
Three State (off-state) Pigp~ Piz, Poo Poa, ne 
Leakage Current Do~D,, As~Ais tsi! | Vin =0.5~Vec-0.5V uA 
ae ious toma | aa] = [— [Vv 
Output ‘’High’’ Voltage Von _ 
| lon = -10uA Vec-0.7| - | - | V 
Output “Low” Vata | AllOuwpue | Vor [lcs tama] =| — [ose[ Vv 
con [sien fe mel [Ll 
Standby Current___| Non Operation | icc =| | 2.0 | 15.0] 
iene Operating(f=1MHz**)| — | 6,0 | 10.0 | 
Current Dissipation Sleeping (f= 1MH2**) TT a0} 20) mA 


* Ving MIN = Voc-1.0V, Vi_ max = 0.8V 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at f = x MHz operation are decided according to the following formula; 


typ. value (f = xMHz) = typ. value (f = 1MHz) x x 
max. value (f =xMHz) = max. value (f = 1MHz) x x 


(both the sleeping and operating) 
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@ AC CHARACTERISTICS (Voc = 5.0V110%, Vg = OV, Ta = 0~+70°C, unless otherwise noted.) 


BUS TIMING | 





Item 7 | : mbol = ductal Unit 
a I [ eition [ rain [ve [ max] min [tye [max | min [typ [ max] 
Grietine [me | |_1)- | 10foseel- | solos |- | 10] m 
“age ee’ [PWagn| [220] ~ | - | 150] - | - [ro] - | - | 
'High” | | | 
Adress Swobe Rise Time een acl 0) 
Address Strobe Fall Time P= f= of = f= [20 = [= [20a 
Address Strobe Delay Time* [taso] [60] |- | #0|-|- |20|-|— | ms 
Enable Rise Time ter | |- | - | 20] - [- | 20]- |-]{ 20| ns 
Enable Fall Time I ol eo) ee ooo 
Enable Pulse Width “High” Level* | PWen | /450| — | — | 300/- | — [220] - | - | os 
Enable Pulse Width “Low” Level” /450{ — | — | 300] - | — |220/- | - | ns 
Address Strobe to Enable Delay* | 60) - | - | ao/- | - | 20/-] - | ns 
Time ASEO 
ar Se ee ee 
AD2 | 
Address Delay Time for Latch* P= | = |2s0[- [- {190] - | - | 160] as 
iatetin Sete | la [= fila = feels 
| Read | itosr | | — | 60] | — | es ns | 
ae Ba a 
Address Set-up Time for Latch* | tasz r 60; — | — | 4o/- [- | 20] - | - | ns 
Address Hold Time for Latch — {30f - | - | 2o[- [- | 20/- | - | os 
Address HoldTime [tam | | 20[- | - | 20[- [= | 20|- |= | m 
iy ~Ay Setup Time BeforeE* [tasm | [200 - | - | 110|- |- | 60] =| = | 
era Feta Flava elo ve lO Bal 

Peripheral Read | Buys « |(taccn) | 
Pees SUNG Multiplexed Bus" (taccm) | — [| — [eso] - |- | 395] - | - | 270] nm 
Oscillator stabilization Time tec _[Fie-8 | 20} —f — | ms 
Processor Control Set-up Time Fig. 9 /200/ - | — | 200]/- | —- [200] - | - | ns 


“These timings change in approximate proportion to tgyc. The figures in this characteristics represent those when teyc is minimum 
(= in the highest speed operation). ; 


PERIPHERAL PORT TIMING 


‘ai ee iis 
ca a 


Peripheral Data ; 

Sita [renee [oom [roe] me] [- [ae|-[- [am] - | | 
Peripheral Data 
ratine "| Portt.2 [ton [Fie.3| 200] - | - | 200) - | - | 200] - | - | 
Delay Time, Enable Nega- 

tive Transition to Peri- Fig. 4 ns 
pheral Data Valid _ ee | L eee 7 


* Except Pa, 
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TIMER, SCI TIMING 


Test | HD6303R__| HD63A03R HD63B03R 
Item Symbol | Con- 
dition 


Timer Input Pulse Width roa ae 
Delay Time, Enable Positive ‘ 
Transition to Timer Out TOD 


g 


s 
ea 


SCI Input Clock Cycle I eaeyas 


SCI Input Clock Pulse Width 


: 


2 
a 


MODE PROGRAMMING 


‘ = gest | HD6309R_ HD6303R | HD63A03R HD63B03R re 
em mbdo on- 

= ae |_min | typ | max| min | typ | max| min typ | max: 
RES “Low” Pulse Width Etna. (3 [-|- |3 |-|]- [3 |-|- Jue 
Mode Programming Set-up Time }2 |-|- {2 [-|- [2 |-]|[- [wu 
Mode Programming Hold Time Paso — | — [x50 — [— frsof - [= T ns 





Address Strobe 
(AS) 
2.4V 
Enable 
(E) 
0.8V 

R/W, A,~A,, 
MPU Write 





0,~0,,A,~A, 


eee Yk a GO one vat b> 


0.8V 


(taccm) 


Yy Not Valid 


Figure 1 Multiplexed Bus Timing 
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teye 


2.4V 


Enable 
(€) 


oev 4 


MPU Write 
D,~0, 


“OL == 0 


Not Valid 





tHR 


Figure 2 Non-Multiplexed Bus Timing 


[ MPU Write 









E 
Pia ~ Pi, 
Pre ~ Pre 
inputs All Data 2.4V Osta Valid 
Port Outputs 0.8V 
Note) Port 2: Except P,, 
Figure 3 Port Data Set-up and Hold Times Figure 4 Port Data Delay Times 


(MPU Read) (MPU Write) 


Timer Output Compare 
Counter sou matenec 





Mode inputs 
(P20, Pai , Paz } 
P,, 2.4V 
Output 0.8V 
Figure 5 Timer Output Timing Figure 6 Mode Programming Timing 
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Vcc 
Ri = 2.2k2 
(4.0k2 for E) C=90pF for AS, R/W, Do/Ay ~ D+/Az, and AS 
Test Point =30pF for Pao ~ Pag and Ao/Pie ~ Aa /Pia 
182074 @ =40pF for E 
or Equiv. R=12kQ 
Cc R 
Figure 7 Bus Timing Test Loads (TTL Load) 
interrupt 
Test 
<2 e 
E 
Horiba X_N KKK KG Ke A Ne SS 
eee Op Code Op Code’ FFFF SP-1 SP-2 SP-3 p-@ P-6 ac Vector New P 
NMI, IRQ; Address Address + 1 haseaae Andee Address 
—| ‘pcs 


Interna! 
Oata Bus 

























Op Code Qperand irrelevant pCO-~ PC IXO~ IxXB8- AC irst inst. J 
internal e . Code 5 Data ed PC15 1X7 X15 nterrupt Aloutine 
Read 
internal 
Write 7 

Figure 8 Interrupt Sequence 
——5.5V 
45V 
Vec 
“Vec 05v fe 
STBY ap 
FS i red ; 


oo MN OM) {> >X XXX ——- 


FFFF FFFE FFFF New PC 


wer IM. ON 
la 11011 nan 
2 |) F0)-——+——- 


® FUNCTIONAL PIN DESCRIPTION mental crystal, AT cut. For instance, in order to obtain the. 
system clock 1MHz, a 4MHz resonant fundamental crystal is 


® Vcc. Vss used because the devide-by-4 circuitry is included. An example 


These two pins are used for power supply and GND. 
Recommended power supply voltage is SV + 10%. 3 to 6V can 
be used for low speed operation (100 ~ 500 kHz). 


@ XTAL, EXTAL 
These two pins are connected with parallel resonant funda- 


of the crystal interface is shown in Fig. 10. EXTAL accepts 
an external clock input of duty 45% to 55% to drive. For 
external clock, XTAL pin should be open. The crystal and 
capacitors should be mounted as close as possible to the pins. 
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AT Cut Parallel Resonance Crystal 
Co = 7 pF max 
Rs = 60 Q max 


Cy = CL =10~22pF + 20% 
(3.2~8MHz) 





a iy 


Figure 10 Crystal Interface 


@ Standby (STBY) 

This pin is used to place the MPU in the standby mode. 
If this goes to “Low” level, the oscillation stops, the internal 
clock is tied to Vsg or Vcc and the MPU is reset. In order to 
retain information in RAM during standby, write “0” into RAM 
enable bit (RAME). RAME is bit 6 of the RAM Control Register 
at address $0014. This disables the RAM, so the contents of 
RAM is guaranteed. For details of the standby mode, see the 
Standby section. 


® Reset (RES) 

This input is used to reset the MPU. RES must be held 
“Low” for at least 20ms when the power starts up. It should be 
noted that, before clock generator stabilize, the internal state 
and I/O ports are uncertain, because MPU can not be reset 
without clock. To reset the MPU during system operation, it 
must be held “Low” for at least 3 system clock cycles. From 
the third cycle, all address buses become “high-impedance” 
and it continues while RES is “Low”. If RES goes to “High’’, 
CPU does the following. — 

(1) I/O Port 2 bits 2,1,0 are latched into bits PC2, PC1, PCO of 
program control register. 

(2) The contents of the two Start Addresses, $FFFE,. SFFFF 
are brought to the program counter, from which program 
starts (see Table 1). 

(3) The interrupt mask bit is set. In order to have the CPU 
recognize the maskable interrupts IRQ, and ARQ:, clear it 
before those are used. 





© Enable (E) 

This output pin supplies system clock. Outpiti is a single- 
phase, TTL compatible and 1/4 the crystal oscillation frequen- 
cy. It will drive two LS TTL load and 40pF capacitance. 


® Non Maskable Interrupt (NMI) | 

When the falling edge of the input signal of this pin is re- 
cognized, NMI sequence starts. The current instruction is con- 
tinued to complete, even if NMI signal is detected. Interrupt 
mask bit in Condition Code Register has no effect on NMI 
detection. In response to NMI interrupt, the information of 
Program Counter, Index Register, Accumulators, and Condition 
Code Register are stored on the stack. On completion of this 
sequence, vectoring address $FFFC and $FFFD are generated 
to load the contents to the program counter. Then the CPU 
branch to a non maskable interrupt service routine. 





® Interrupt Request (1RQ:) 
This level sensitive input requests a maskable interrupt 
sequence. When IRQ: goes to “Low”, the CPU waits until it 


. completes the current instruction that is being executed. Then, 


if the interrupt mask bit in Condition Code Register is not set, 
CPU begins interrupt sequence; otherwise, interrupt request 
is neglected. 

Once the sequence has started, the information of Program 
Counter, Index Register, Accumulator, Condition Code Register 
are stored on the stack. Then the CPU sets the interrupt mask 
bit so that no further maskable interrupts may be responded. 


Table 1 interrupt Vectoring memory map 


_Vector__ | Interrupt 
Highest wee) oe a 
Priority FFFE | FEFE | 
FFEE | FFEF | TRAP 
FEC | FFFO | Ai 
FFFA | FFFB | — Software interrupt (Swi) 
Free | FFF9 | RG, (or ($3) 
Frere | FFF? | ICF (Timer input Capture) 
FFFS FEES | OCF (Timer Output Compere) 
FFE2 | FFE3 | TOF (Timer Overtiow) 
pioaty FFFO | FEF | SCI (RORF + ORFE + TORE) 


At the end of the cycle, the CPU generates 16 bit vectoring 
addresses indicating memory addresses $FFF8 and $FFF9, and 
loads the contents to the Program Counter, then branch to an 
interrupt service routine. 

_ The Internal Interrupt will generate signal (IRQ,) which is 
quite the same as IRQ, except that it will use the vector address 
$FFFO to $FFF7. 

When IRQ, and IRQ, are 2 generated at the same time, the 
former precedes the latter. Interrupt Mask Bit in the condition 
code register, if being set, will keep the both interrupts off. 

On occurrence of Address error or Op-code error, TRAP 
interrupt is invoked. This interrupt has priority next to RES. 
Regardless of the interrupt Mask Bit condition, the CPU will 
start an interrupt sequence. The vector ot this interrupt will be 
$FFEE, $FFEF. 


© Read/Write (R/W) 

This TTL compatible output signals peripheral and memory 
devices whether CPU is in Read (“High”), or in Write (“Low”). 
The normal stand-by state is Read (“High’’). Its output will 
drive one TTL load and 90pF capacitance. 


@ Address Strobe (AS) 

In the multiplexed mode, address strobe signal appears at this 
pin. It is used to latch the lower 8 bits addresses multiplexed 
with data at Do/Ao ~ D7/A7. The 8-bit latch is controlled by 
address strobe as shown in Figure 15. Thereby, Do/Ao ~ D7/A7 
can become data bus during E pulse. The timing chart of this 
signal is shown in Figure 1. 

Address Strobe (AS) is sent out even if the internal address 
is accessed. 


@ PORTS 
_ There are two I/O ports on HD6303R MPU (one 8-bit ports 
and one 5-bit port). Each port has an independent write-only 
data direction register to program individual I/O pins for 
input or output.* 

When the bit of associated Data Direction Register is 
1/O pin is programmed for output, if “O”, then programmed for 


“7” 
+] 
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an input. 

There are two ports: Port 1, Port 2. Addresses of each 
port and associated Data Direction Register are shown in 
Table 2. 

* Only one exception is bit 1 of Port 2 which becomes either a 
data input or a timer output. It cannot be used as an output 


port. 


Table 2 Port and Data Direction Register Addresses 


Port Address 


$0002 
$0003 









Data Direction 
Register Address 


$0000 













1/O Port 1 
1/O Port 2 








@ 1/0 Port1 

This is an 8-bit port, each bit being defined individually as 
input or outputs by associated Data Direction Register. The 
8-bit output buffers have three-state capability, maintaining in 
high impedance state when they are used for input. In order to 
be read accurately, the voltage on the input lines must be more 
than 2.0V for logic ‘‘1” and less than 0.8V for logic “0”. 

These are TTL compatible. After the MPU has been reset, all 
I/O lines are configured as inputs in Multiplexed mode. In Non 
Multiplexed mode, Port 1 will be output line for lower order 
address lines (Ao ~ A7), which can drive one TTL load and 
30 pF capacitance. 


@ 1/0 Port 2 

This port has five lines, whose 1/O direction depends on its 
data direction register. The S-bit output buffers have three-state 
capability, going high impedance state when used as inputs. In 
order to be read accurately, the voltage on the input lines must 
be more than 2.0V for logic “1” and less than 0.8V for logic 
“0”. After the MPU has been reset, I/O lines are configured as 
inputs. These pins on Port 2 (P20 ~ P22 of the chip) are used 
to program the mode of operation during reset. The values of 
these three pins during reset are latched into the upper 3 bits 
(bit 7, 6 and 5) of Port 2 Data Register which is explained in 
the MODE SELECTION section. 

In all modes, Port 2 can be configured as 1/O lines. This port 
also provides access to the Serial I/O and the Timer. However, 
note that bit 1 (P.,) is the only pin restricted to data input or 
Timer output. | 


# BUS 
® Do/Ao a D,/A, 

This TTL compatible three-state buffer can drive one TTL 
load and 90 pF capacitance. 
Non Multipiexed Mode 

In this mode, these pins become only data bus (Do ~ D7). 
Multiplexed Mode 

These pins becomes both the data bus (Dy) ~ D+) and lower 
bits of the address bus (Ag ~ A7). An address strobe output is 
“High” when the address is on the pins. 


@ Ag ~ Ais ; 

Each line is TTL compatible and can drive one TTL load and 
90 pF capacitance. After reset, these pins become output for 
upper order address lines (Ag ~ A,s). 


® MODE SELECTION 

The operation mode after the reset must be determined by the 
user wiring the P20, Pai, and P22 externally. These three pins are 
lower order bits; 1/O 0, 1/0 1, 1/0 2 of Port 2. They are latched 
into the control bits PCO, PC1, PC2 of 1/O Port 2 register when 
RES goes “High”. I/O Port 2 Register is shown below. 


Port 2 DATA REGISTER 


7 6 S$ 4 3 2 ’ 0 
goons] rez | rex] ro [vos [vos | vo2| vo [woe 

An example of external hardware used for Mode Selection 
is shown in Figure 11. The HD14053B is used to separate the 
peripheral device from the MPU during reset. It is necessary if 
the data may conflict between peripheral device and Mode 
generation circuit. 

No mode can be changed through software because the bits 
5, 6, and 7 of Port 2 Data Register are read-only. The mode 
selection of the HD6303R is shown in Table 3. 

The HD6303R operates in two basic modes: (1) Multiplexed 
Mode, (2) Non Multiplexed Mode. 


@ Multiplexed Mode 

The data bus and the lower order address bus are multiplexed 
in the Do/Ao ~ D7/A7 and can be separated by the Address 
Strobe. | 

Port 2 is configured for 5 parallel 1/O or Serial 1/O, or Timer, 
or any combination thereof. Port 1 is configured for 8 parallel 
1/0. 


@ Non Multiplexed Mode 

In this mode, the HD6303R can directly address HMCS6800 
peripherals with no address latch. Dop/Ag ~ D+/A, become a 
data bus and Port 1 becomes Ay ~ A, address bus. 

In this mode, the HD6303R is expandable up to 65k bytes 
with no address latch. 


@ Lower Order Address Bus Latch 

Because the data bus is multiplexed with the lower order 
address bus in Do/Ao~ D7/A7 in the multiplexed mode, address 
bits must be latched. It requires the 74LS373 Transparent octal 
D-type to latch the LSB. Latch connection of the HD6303R 
is shown in Figure 15. 
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P,, (PCO) 


P,, (PC1) 
P,, (PC2) 


Note 1) Figure of Multiplexed Mode 
2) RC=Reset Constant 
3) R,=10k2 





‘ Switch 
Figure 11 Recommended Circuit for Mode Selection 


Truth Table 







Inho Binary to 1-of-2 
8 ms Decoder with 












Vee Vee 
Enable Enebdie 
> NMI 
STBY 0 IRQ, 
AES 
Port 1 0, ~ OD, 
D/A, ~ D,/A, 8 Address Lines 8 Date Lines 
Port 1 8 Lines Ay ~ A> 
8 1/0 Lines Multiplexed 
Data/Address 
Address Strobe Port 2 A, ~Ais 
5 Paraite! 1/O 8 Address 
os ie As ~ Ais sci Lines 
51/0 Lines 8 Address Timer 
S¢i Lines 
Timer 
Vss 
Figure 13 HD6303R MPU Multiplexed Mode Figure 14 HD6303R MPU Non Multiplexed Mode 
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De/Ae ~0,/A, 
Address/Data 
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Function Table 


Address: A, ~A, 





Data: 0,~0, 


Figure 15 Latch Connection 


Table 3 Mode Selection 


Operating Mode 









Multiplexed Mode 






Non Multiplexed Mode 
L: logic ‘0’ 
H: logic “1” 


@ MEMORY MAP 

The MPU can provide up to 65k byte address space. Figure 
16 shows a memory map for each operating mode. The first 32 
locations of each map are for the CPU’s internal register only, 
as shown in Table 4. 


Non-Multiplexed 


oe 


| 
Yu53%Y | mera na 


External Memory Space 


Internat Registers 


External Memory Space 


SFFFF 
{NOTE] 
Excludes the following addresses which may be 
used externally; $00, $02. 


Table 4 Internal Register Area 
Ea ee a ee ae RT ee 


Register Address 
Port 1 Data Direction Register ** 00* 
Port 2 Data Direction Register ** | O1 
Port 1 Data Register 02* 
Port 2 Data Register 03 
Timer Control and Status Register 08 
Counter (High Byte) 09 
Counter (Low Byte) OA 
Output Compare Register (High Byte) 0B 
Output Compare Register (Low Byte) Oc 
Input Capture Register (High Byte) oD 
Input Capture Register (Low Byte) OE 
Rate and Mode Control Register 10 
Transmit/Receive Control and Status Register | 11 
Receive Data Register | 12 
Transmit Data Register 13 
RAM Control Register | 14 
Reserved 15-1F 


* External address in Non Multiplexed Mode 
** 1 = Output, 0 = Input 


Multiplexed 


= 
| 


Internal Registers 


External Memory Space 


Internal RAM 


External Memory Space 





Figure 16 HD6303R Memory Maps 
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& PROGRAMMABLE TIMER 

The HD6303R contains 16-bit programmable timer which 
may measure input waveform.In addition to that it can generate 
an output waveform by itself. For both input and output wave- 
form, the pulse width may vary from a few microseconds to 
several seconds. 
The timer hardware consists of | 

* an 8-bit control and status register 

*a 16-bit free running counter 

*a 16-bit output compare register 

¢a 16-bit input capture register 
A block diagram of the timer is shown in Figure 17. 


406303R interne! Bus 





Figure 17 Programmable Timer Block Diagram 


® Free Running Counter ($0009: $000A) 

The key element in the programmable timer is a 16-bit free 
running counter, that is driven by an E (Enable) clock to 
increment its values. The counter value will be read out by the 
CPU software at any time with no effects on the counter. 
Reset will clear the counter. . 

When the MSB of this counter is read, the LSB is stored 
in temporary latch. The data is fetched from this latch by the 
subsequent read of LSB. Thus consistent double byte data can 
be read from the counter. 

When the CPU writes arbitrary data to the MSB ($09), the 
value of $FFF8 is being pre-set to the counter ($09, $0A) 
regardless of the write data value. Then the CPU writes arbi- 
trary data to the LSB ($0A), the data is set to the “Low” byte 
of the counter, at the same time, the data preceedingly written 
in the MSB ($09) is set to “High” byte of the counter. 

When the data is written to this counter, a double byte 
store instruction (ex. STD) must be used. If only the MSB of 
counter is written, the counter is set to $FFF8. 

The counter value written to the counter using the double 
byte store instruction is shown in Figure 18. 

To write to the counter can disturb serial operations, so it 
should be inhibited during using the SCI. If external clock 
mode is used for SCI, this will not disturb serial operations. 








Counter ar? ny x) 
i] 
i} 


(SAF3 written to the counter) 


Figure 18 Counter Write Timing 


@ Output Compare Register ($000B:$000C) 

This is a 16-bit read/write register which is used to control an 
output waveform. The contents of this register are constantly 
being compared with current value of the free running counter. 

When the contents match with the value of the free running 
counter, a flag (OCF) in the timer control/status register 
(TCSR) is set and the current value of an output level Bit 
(OLVL) in the TCSR is transferred to Port 2 bit 1. When bit 1 
of the Port 2 data direction register is “1” (output), the OLVL 
value will appear on the bit 1 of Port 2. Then, the value of Out- 
put Compare Register and Output level bit may be changed 
for the next compare. 

The output compare register is set to $FFFF during reset. 

The compare function is inhibited at the cycle of writing to 
the high byte of the output compare register and at the cycle 
just after that to ensure valid compare. It is also inhibited in 
same manner at writing to the free running counter. 

In order to write a data to Output Compare Register, a 
double byte store instruction (ex.STD) must be used. 


© Input Capture Register (S000D: S$O00E) 

The input capture register is a 16-bit read-only register used 
to hold the current value of free running counter captured when 
the proper transition of an external input signal occurs. 

The input transition change required to trigger the counter 
transfer is controlled by the input edge bit (IEDG). 

To allow the external input signal to go in the edge detect 
unit, the bit of the Data Direction Register corresponding to bit 
0 of Port 2 must have been cleared (to zero). 

To insure input capture in all cases, the width of an input 
pulse requires at least 2 Enable cycles. 


@ Timer Control/Status Register (TCSR) ($0008) 
This is an 8-bit register. All 8-bits are readable and the lower 
5 bits may be written. The upper 3 bits are read-only, indicating 
the timer status information as is shown below. 
(1) A proper transition has been detected on the input pin 
(ICF). 
(2) A match has been found between the value in the free 
running counter and the output compare register (OCF). 
(3) When counting up to $0000 (TOF). 
Each flag has an individual enable bit in TCSR which 
determines whether or not an interrupt request may occur 
(IRQ2). If the I-bit in Condition Code Register has been 
cleared, a prior vectored address occurs corresponding to 
each flag. A description of each bit is as follows. 


Timer Control / Status Register 





Bit 0 OLVL (Output Level); When a match is found in the 
value between the counter and the output com- 
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pare register, this bit is transferred to the Port 2 
bit 1. If the DDR corresponding to Port 2 bit 1 is 
set “1”, the value will appear on the output pin of 
Port 2 bit 1. 

Bit 1 IEDG (Input Edge): This bit control which transition 
of an input of Port 2 bit O will trigger the data 
transfer from the counter to the input capture 
register. The DDR corresponding to Port 2 bit 0 
must be clear in advance of using this function. 
When IEDG = 0, trigger takes place on a negative 
edge (““High’~to-“Low” transition). When IEDG = 
1, trigger takes place on a positive edge (“Low”’-to- 
“High” transition). 

Bit 2 ETO! (Enable Timer Overflow Interrupt); When set, 
this bit enables TOF interrupt to generate the 
interrupt request ([RQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 3. EOC! (Enable Output Compare Interrupt); When set, 
this bit enables OCF interrupt to generate the 
interrupt request (TRQ2). When cleared, the inter- 
rupt is inhibited. 

Bit 4 EICI (Enable input Capture Interrupt); When set, this 
bit enables ICF interrupt to generate the interrupt 
request (I[RQ2). When cleared, the interrupt is 
inhibited. 

Bit 5 TOF (Timer Over Flow Flag); This read-only bit is set 
at the transition of $FFFF to $0000 of the 
counter. It is cleared by CPU read of TCSR (with 
TOF set) followed by a CPU read of the counter 
($0009). 

Bit G6 OCF (Output Compare Flag); This read-only bit is set 
when a match is found in the value between the 
output compare register and the counter. It is 
cleared by a read of TCSR (with OCF set) fol- 
lowed by a CPU write to the output compare re- 
gister (SOO0B or $000C). 

Bit 7 (CF (input Capture Flag); The read-only bit is set by a 
proper transition on the input, and is cleared by 
a read of TCSR (with ICF set) followed by a 
CPU read of Input Capture Register ($O00D). 

Reset will clear each bit of Timer Control and Status 

Register. 


@ SERIAL COMMUNICATION INTERFACE 

The HID6303R contains a full-duplex asynchronous Serial 
Communication Interface (SCI). SCI may select the several 
kinds of the data rate. It consists of a transmitter and a receiver 
which operate independently but with the same data format 
and the same data rate. Both of transmitter and receiver com- 
municate with the CPU via the data bus and with the outside 
world through Port 2 bit 2, 3 and 4. Description of hardware, 
software and register is as follows. 


@® Wake-Up Feature 

In typical multiprocessor applications the software protocol 
will usually have the designated address at the initial byte of the 
message. The purpose of Wake-Up feature is to have the non- 
selected MPU neglect the remainder of the message. Thus 
the non-selected MPU can inhibit the all further interrupt 
process until the next message begins. 

Wake-Up feature is re-enabled by a ten consecutive “‘1”’s 
which indicates an idle transmit line. Therefore software pro- 
tocol must put an idle period between the messages and must 
prevent it within the message. 


HD6303R 


With this hardware feature, the non-selected MPU is re- 
enabled (or “‘waked-up’’) by the next message. 


@ Programmable Options 
The HD6303R has the following programmable features. 
- data format; standard mark/space (NRZ) 
- clock source; external or internal 
-baud rate; one of 4 rates per given E clock frequency or 
1/8 of external clock 
- wake-up feature; enabled or disabled 
-interrupt requests; enabled or masked individually for 
transmitter and receiver 
-clock output; internal clock enabled or disabled to Port 
2 bit 2 
-Port 2 (bits 3, 4); dedicated or not dedicated to serial 
I/O individually 


@ Serial Communication Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 19. The registers include: 

- an 8-bit control/status register 

- a 4-bit rate/mode control register (write-only) 

-an 8-bit read-only receive data register 

-an 8-bit write-only transmit data register 

Besides these 4 registers, Serial I/O utilizes Port 2 bit 3 
(input) and bit 4 (output). Port 2 bit 2 can be used when an 
option is selected for the internal-clock-out or the external- 
clock-in. 


@ Transmit/Keceive Control Status Register (TRCSR) 

TRCS Register consists of 8 bits which all may be read while 
only bits 0 to 4 may be written. The register is initialized to $20 
on RES. The bits of the TRCS Register are explained below. 


Transmit / Receive Control Status Register 





Bit 0 WU (Wake Up); Set by software and cleared by hardware 
on receipt of ten consecutive “1’’s. While this bit 
is ‘1’, RDRF and ORFE flags are not set even 
if data are received or errors are detected. There- 
fore received data are ignored. It should be noted 
that RE flag must have already been set in advance 
of WU flag’s set. 

Bit 1 TE (Transmit Enable); This bit enables transmitter. When 
this bit is set, bit 4 of Port 2 DDR is also forced 
to be set. It remains set even if TE is cleared. 
Preamble of ten consecutive “]”’s is transmitted 
just after this bit is set, and then transmitter 
becomes ready to send data. If this bit is cleared, 
the transmitter is disabled and serial I/O affects 
nothing on Port 2 bit 4. 

Bit 2 TIE (Transmit Interrupt Enable); When this bit is set, 
TDRE (bit 5) causes an [RQ2 interrupt. When 
cleared, TDRE interrupt is masked. 

Bit 3 RE (Receive Enable); When set, Port 2 bit 3 can be used 
as an input of receive regardless of DDR value for 
this bit. When cleared, the receiver is disabled. 

Bit 4 RIE (Receive Interrupt Enable); When this bit is set, 
RDRF (bit 7) or ORFE (bit 6) cause an TRQ2 
interrupt. When cleared, this interrupt is masked. 
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Bit 5 TDRE (Transmit Data Register Empty); When the data 


is transferred from the Transmit Data Register 
to Output Shift Register, this bit is set by hard- 
ware. The bit is cleared by reading the status re- 
gister followed by writing the next new data into 
the Transmit Data Register. TDRE is initialized 
to 1 by RES. 


Bit 6 ORFE (Over Run Framing Error); When overrun or 


framing error occurs (receive only), this bit is set 
by hardware. Over Run Error occurs if the attempt 
is made to transfer the new byte to the receive 
data register while the RDRF is “1”. Framing 
Error occurs when the bit counter is not synchro- 





ceiving bit stream. When Framing Error is de- 
tected, RDRF is not set. Therefore Framing Error 
can be distinguished from Overrun Error. That is, 
if ORFE is “1” and RDRF is “1”, Overrun Error 
is detected. Otherwise Framing Error occurs. 
The bit is cleared by reading the status register 
followed by reading the receive data register, or 
by RES. 


Bit 7 RDRF (Receive Data Register Full); This bit is set by 


hardware when the data is transferred from the 
receive shift register to the receive data register. 
It is cleared by reading the status register followed 
by reading the receive data register, or by RES. 


nized with the boundary of the byte in the re- 


Bit? Rate and Mode Control Register Bit O 


cet [eco] s51 280 Jaro 


Transmit/Receive Control and Status Register 


Esa sc acd Ga al 


Receive Data Register 


Lt tt tT se 
\ 


(Not Addressable) 


Port 2 


Receive Shift Register 


10 Bit Rate 
Generator 


- (Not Addressable) 


m 


Transmit Shift Register 


Tr 
Bit 42 


ae ae ee 


Transmit Data Register 


Figure 19 Serial 1/O Register 
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Transfer Rate / Mode Control Register 


Table 5 SCI Bit Times and Transfer Rates 













2.4576 MHz 4.9152MHz 


1.2288MHz 






















0 0 26 us/38,400 Baud 16 us/62,500 Baud | 13  s/76,800Baud 
0 1 208y1s/4,800 Baud 128 4s/7812.5 Baud 104.2u8/ 9,600Beud 
1 0 1.67ms/600 Baud 1,024ms/976.6 Baud 833.3,s/ 1.200Baud 
1 1 


6.67ms/150 Baud 4.096ms/244.1 Baud 3.333ms/ —300Baud 
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Table 6 SC! Format and Clock Source Control 









CC1: CCO 


** Bit 3 is used for serial input if RE = ‘1 in TRCS. 
Bit 4 is used for serial output if TE = 1" in TRCS. 


*** This pin can be used as |/O port. 


© Transfer Rate/Mode Control Register (RMCR) 

The register controls the following serial I/O functions: 

¢ Bauds rate ‘data format * clock source 

*Port 2 bit 2 feature 

It is 4-bit write-only register, cleared by RES. The 4 bits are 
considered as a pair of 2-bit fields. The lower 2 bits control the 
bit rate of internal clock while the upper 2 bits control the 
format and the clock select logic. 

: et Speed Select 
These bits select the Baud rate for the internal clock. The 


rates selectable are function of E clock frequency of the CPU. 


Table 5 lists the available Baud Rates. 
Bit2 CCO 
Bit 3 na Clock Control/Format Select 
They control the data format and the clock select logic. 
Table 6 defines the bit field. 


@® Internally Generated Clock 

If the user wish to use externally an internal clock of the 
serial I/O, the following requirements should be noted. 

*CC1, CCO must be set to “10”. 

¢ The maximum clock rate must be E/16. 

* The clock rate is equal to the bit rate. 

* The values of RE and TE have no effect. 


@ Externally Generated Clock 
If the user wish to supply an external clock to the Serial 
I/O, the following requirements should be noted. 
*The CC1, CCO must be set to “11° (See Table 6). 
*The external clock must be set to 8 times of the desired 
baud rate. 
- The maximum external clock frequency is E/2 clock. 


® Serial Operations 

The serial I/O hardware must be initialized by the software 
before operation. The sequence will be normally as follows. 

‘Writing the desired operation control bits of the Rate and 

Mode Control Register. 

‘Writing the desired operation control bits of the TRCS 

register. 

If Port 2 bit 3, 4 are used for serial I/O, TE, RE bits may be 
kept set. When TE, RE bit are cleared during SCI operation, 
and subsequently set again, it should be noted that TE, RE 
must be kept “0” for at least one bit time of the current baud 
rate. If TE, RE are set again within one bit time, there may be 
the case where the initializing of internal function for trans- 
mitter and receiver does not take place correctly. 


@ Transmit Operation 
Data transmission is enabled by the TE bit in the TRCS 


| Format [Clock Source__[ rorzein2 | Port 28it3 


* Clock output is available regardless of values for bits RE and TE. 


Port 2 Bit 4 








Not Used *** 
Output ® 
input 













register. When set, the output of the transmit shift register 
is connected with Port 2 bit 4 which is unconditionally con- 
figured as an output. 

After RES, the user should initialize both the RMC register 
and the TRCS register for desired operation. Setting the TE bit 
causes a transmission of ten-bit preamble of “1”’s. Following the 
preamble, internal synchronization is established and the trans- 
mitter is ready to operate. Then either of the following states 
exists. 

(1) If the transmit data register is empty (TDRE = 1), the 
consecutive “1s are transmitted indicating an idle 
states. 

(2) If the data has been loaded into the Transmit Data 
Register (TDRE = 0), it is transferred to the output 
shift register and data transmission begins. 

During the data transfer, the start bit (“O’’) is first trans- 
ferred. Next the 8-bit data (beginning at bit 0) and finally the 
stop bit (“‘1’’). When the contents of the Transmit Data Register 
is transferred to the output shift register, the hardware sets the 
TDRE flag bit: If the CPU fails to respond to the flag within 
the proper time, TDRE is kept set and then a continuous string 
of 1’s is sent until the data is supplied to the data register. 


® Receive Operation 

The receive operation is enabled by the RE bit. The serial 
input. is connected with Port 2 bit 3. The receiver operation 
is determined by the contents of the TRCS and RMC register. 
The received bit stream is synchronized by the first ‘‘O” (start 
bit). During 10-bit time, the data is strobed approximately at 
the center of each bit. If the tenth bit is not ‘‘1” (stop bit), 
the system assumes a framing error and the ORFE is set. 

If the tenth bit is “1”, the data is transferred to the receive 
data register, and the RDRF flag is set. If the tenth bit of the 
next data is received and still RDRF is preserved set, then 
ORFE is set indicating that an overrun error has occurred. 

After the CPU read of the status register as a response to 
RDRF flag or ORFE flag, followed by the CPU read of the 
receive data register, RDRF or ORFE will be cleared. 


@ RAM CONTROL REGISTER 
The register assigned to the address $0014 gives a status 
information about standby RAM. 


RAM Control Register 


7 6 § 4 3 2 1 (9) 
wef Bee foamed Pe Pe pe Pe Pe 
Bit 0 Not used. 


Bit 1 Not used. 
Bit 2 Not used. 
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Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 RAM Enable (RAME). 

Using this control bit, the user can disable the RAM. RAM 
Enable bit is set on the positive edge of RES and RAM is 
enabled. The program can write “1” or “0”. If RAME is 
cleared, the RAM address becomes external address and the 
CPU may read the data from the outside memory. 

Bit 7 Standby Power Bit (STBY PWR) 

This bit can be read or written by the user program. It is 
cleared when the V_,. voltage is removed. Normally this bit 
is set by the program before going into stand-by mode. When 
the CPU recovers from stand-by mode, this bit should be 
checked. If it is “1”, the data of the RAM is retained during 
stand-by and it is valid. 


® GENERAL DESCRIPTION OF INSTRUCTION SET 
The HD6303R_ has an upward object code compatible with 
the HD6801 to utilize all instruction sets of the HMCS6800. 
The execution time of the key instruction is reduced to increase 
the system through-put. In addition, the bit operation instruc- 
tion, the exchange instruction between the index and the 
accumulator, the sleep instruction are added. This section 
describes: 
*CPU programming model (See Fig. 20) 
* Addressing modes 
*Accumulator and memory manipulation instructions (See 
Table 7) 
* New instructions 
*Index register and stack manipulation instructions (See 
Table 8) 
* Jump and branch instructions (See Table 9) 
*Condition code register manipulation instructions (See 
Table 10) 
*Op-code map (See Table 11) 
« Cycle-by-cycle operation (See Table 12) 


@ CPU Programming Model 

The programming model for the HD6303R is shown in Fig- 
ure 20. The double accumulator is physically the same as the 
accumulator A concatenated with the accumulator B, so that 
the contents of A and B is changed with executing operation of 
an accumulator D. 


8-Bit Accumulators A and 8 
Or 16-Bit Double Accumulator O 


Index Register (X) 
Stack Pointer (SP) 


Program Counter (PC) 


2 () 
googneoso Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 





Figure 20 CPU Programming Model 


@ CPU Addressing Modes 
The HD6303R has seven address modes which depend on 
both of the instruction type and the code. The address mode for 


every instruction is shown along with execution time given in 
terms of machine cycles (Table 7 to 11). When the clock 
frequency is 4 MHz, the machine cycle will be microseconds. 
Accumulator (ACCX) Addressing 

Only the accumulator (A or B) is addressed. Either accumula- 
tor A or B is specified by one-byte instructions. 
immediate Addressing 

In this mode, the operand is stored in the second byte of the 
instruction except that the operand in LDS and LDX, etc are 
stored in the second and the third byte. These are two or 
three-byte instructions. 
Direct Addressing 

In this mode, the second byte of instruction indicates the 
address where the operand is stored. Direct addressing allows 
the user to directly address the lowest 256 bytes in the machine; 
locations zero through 255. Improved execution times are 
achieved by storing data in these locations. For system 
configuration, it is recommended that these locations should be 
RAM and be utilized preferably for user’s data realm. These are 
two-byte instructions except the AIM, OIM, EIM and TIM 
which have three-byte. 
Extended Addressing 

In this mode, the second byte indicates the upper 8 bit 
addresses where the operand is stored, while the third byte 
indicates the lower 8 bits. This is an absolute address in 
memory. These are three-byte instructions. 
indexed Addressing 

In this mode, the contents of the second byte is added to the 
lower 8 bits in the Index Register. For each of AIM, OIM, EIM 
and TIM instructions, the contents of the third byte are added 
to the lower 8 bits in the Index Register. In addition, the result- 
ing “carry” is added to the upper 8 bits in the Index Register. 
The result is used for addressing memory. Because the modified 
address is held in the Temporary Address Register, there is no 
change to the Index Register. These are two-byte instructions 
but AIM, OIM, EIM, TIM have three-byte. 
implied Addressing 

In this mode, the instruction itself gives the address; stack 
pointer, index register, etc. These are 1-byte instructions. 
Relative Addressing 

In.this mode, the contents of the second byte is added to the 
lower 8 bits in the program counter. The resulting carry or 
borrow is added to the upper 8 bits. This helps the user to 
address the data within a range of —126 to +129 bytes of the 
current execution instruction. These are two-byte instructions. 
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Table 7 Accumulator, Memory Manipulation Instructions 


AOOB 


Candition Code 





oj; 0 Cleolelc [ciciwmloj] o [MlMINIFIRISC!] @ lejelefefejelelelele|; eo @ le je je le | @ |e jo ~|-] 8 
a es fer [cfc lo [fa [~[~| ~ [a lela jolele| + |ololela la |@j@l@laja| « | la jx |e lolelelelejejelele; € 
HOES xe [oo [o[on [oo ]en | weno | om Joe [oo for fom [eo] eo] oe foe Jor Loe [oe foe Joe Joe [oe feo] ow Lo [oJ Jo Jo fo olan joe [uo Je lee |] § 
glo] 2) joo foo] om fer for fer [oo] oo | oe [or Joo Jon foo] no] oo] oe Jor [oe | oe Joe Joe Joe Joe Joe Joo} oo] vo Lo [oe Jo Jo Lo Jo Lo] + |e Joo Joo oJ] g 

Ss fololeoleolelolole| eo lelolololole| o joleleleleselelelele| o leo le leo lo lelelelelelelelelel o 

jo] x | fefolelolefoleleo] eo jolelelelele] © lelelelelelelelolele| o jeole le je loleloleole jo lelele} — 


+1-—-M 
A+1—~A 


@ M- 


JAM-A ste lole(s [ale 
Axe=a8 [fo [of ]>@ 
+M-— B 


Si</a @ 
@ titi t 
t a = ols|<|a <j) a 
=\= ! tirprpepds t|t 
o 8 IS he lo (8) 8/8 = als sis w z 


< 
PE TT feet tT fe fete f fefet fT feted fot fefet TT fet | fede feted fe] 
ete] | fete] TT del ft feielofol [|=] 


Converts binary add of BCD 
characters into BCD format 


B-1-8 


8 -— Msp, SP - 1 -- SP 


M+1+B,.M+A 


6+1~-8 


| [eem~B te leitiels 
C[aceemeMeimae [ele[s[s[ss 
tJAsB~A [tol si stele 
P[asmec=a Te folafele ls 
SCT OOO 


elefol Telelelelelefol | felet fel | lel TT fel | felelel [tefefe [ Telel TTT fel f fel T 
sielo| [alelsizislels| | falc} [el | lel | | dst | [elele] | feel e| [sis] | | | lel | tel | 
@ Lad = . 


ala! [ejels{sielels| | fae] fei | fel | | [si | felels] | feisi 3] [eis] | tt fel | fst | 


q 
z 
fs 
81/8] |al8ls sis} | {taiat | tT tt tT ala | | falas fale tt tt 
oy 
3 


Sing Modes 
INDEX [EXTEND | IMPLIED | 


Addressi 


a iil hs sh sind sled anasaalt| 
HE el 


[IMMED | DIRECT 


CLRA 
CLRB 


BITA 
BIT B 
CLA 
MUL 
ORAB 


EORB 


LOAA 
LOAB 
PULB 

ROLB 


88 
[CB | 
[C3 | 
dl 
[Co 
84 | 
C6 | 
cs | 
od 
= 
| 
81 
* 
a 
he 
ae 
ae 
el 
& 
ie 
ea 
= 

i 
[C8 | 
i 
pe 
i 
86 | 
= 
iad 
BA | 
[CA | 
mz 
fe 
| 
ei 
ike 
= 
ea 
| | 
a 
| 

Note) Condition Code Register will be explained in Note of Table 10 


Decimal Adjust. A 
Exclusive OR 
Increment 


Muitiply Unsigned 


Accumulators 
Complement, 2 
(Negete) 
Accumulator 
Loed Double 
Accumuletor 
OR, Inclusive 
Pull Date 
Rotate Left 
“Rotate Right 


Add Doubdie 

Add Accumuletors 
Add With Carry 
AND 

Bit Test 

Loed 

Push Data 


Clear 
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Operations 


Shift Left 
Arithmetic 


Double Shift 


Left, Arithmetic 


Shift Right 
Arithmetic 


Shift Right 
Logical 


Doubie Shift — 
Right Logical 


Store 
Accumulator 
Store Doubie 
Accumulator 
Subtract 


Double Subtract 
Subtract 


' Accumulators 


Subtract 
With Carry 





Transfer 
Accumulstors 


Test Zero or 
Minus 


And Immediate 
OR Immediate 

EOR immediate 
Test immediate — 





Table 7 Accumulator, Memory Manipulation Instructions 









Addressing Modes egg aba 
Pimmeo [DIRECT | INDEX [EXTEND [IMPLIED | arimnmnieOreration (© [4]3[2] [0 
or ||» |or|~ |» or] ~ |* lor |~ |#|or]~ |e HOOGGE 
Pt tes fe fe be fe fe BoggCm 
a aan tt fate rs p-giinera« eT He 
Paste | | eT Ole 
pee CECT Te mira 
pase {| | if | 
ras OOO er A | ei SEEIH® 
Tasrea | |i Tir rity OOogg On 
tere eleatailetal al is 7 
Pusra [ TTT TT? Pry yt | 
Pauses [TTT TTT Ty ype * fe fetal? 
mT TTT TE TT | lee fee | el fo 
[stan [| | fev[alalar[al2|er[e|s[ [| lasm se fe fe fe [fe 
_[ostas [TT Joris ieler|el2ier[aia] [ [ fe-m se fe [a [eT o 
A~M 
| sto | | | fools fe |eo[s|2ro|s [3] | | [ashore fe fe [|r 
—|_susa__|8o [2/2/90 [3 [2/aol4|2|e0|4{3| | | |A-m-a OOGRHE 
[sues {co {2|2oo|3 |2leol«|z|rol«|s| | | je-m-e _leje[er ets 
|_sueo [a3 | 3/3 [93 [4 [2[a3|5 [2 \e3[5 [3] | | [A:e@-m:m+i-~a:e [eles [3 [2/3 
xT TTT TTT TTT | | pele [e faces poggoc 
[seca [82 [2|2 [92 [3 |2[aa|e[2le2(e[a[ [[[a-m-c-a se fo |e fe [a [i 
[secs _[c2|2|2o2[3 |2fez[«2lez[«|3| | | [e-m-c-8 [ee [s[s|eqs 
Tras | [IT TIT Tit [i fetittiase _fefe[s[e jaye 
a ee fe fefs[s [ale 
Psst | | [| 1 feolalefolels[ [[ [w-0 —ste fe fs [a [ra 
Psra | TTT TTT Tey TT feoft ti [a-00 fe fe fs fs [rR 
eT eed lee eet A 
pam ifefsfertzist TTT CT [wom se fe ts [z [ro 
[om TTT efefsfezt7tsP TTT TT [msmmom sfele (zis ia, 
pem  [ [ T fesfelsfest7i3t | TT [| [emu sfelel:[: [ale 
Ce MRO OOo 


Note) Condition Code Register will be explained in Note of Table 10. 
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@ New Instructions 
In addition to the HD6801 Instruction Set, the HD6303R 

has the following new instructions: 

AIM ----(M) - (IMM) > (M) 
Evaluates the AND of the immediate data and the 
memory, places the result in the memory. 

OIM---- (M) + (IMM) > (M) 
Evaluates the OR of the immediate data and the 
memory, places the result in the memory. 


EIM----(M)@ (IMM) > (M) 
Evaluates the EOR of the immediate data and the 


memory, places the result in the memory. 


HD6303R 


TIM----(M) - (IMM) 
Evaluates the AND of the immediate data and the 
memory, changes the flag of associated condition code 
register 

Each instruction has three bytes; the first is op-code, the 

second is immediate data, the third is address modifier. 

XGDX--(ACCD) + (IX) 
Exchanges the contents of accumulator and the index 
register. 

SLP----The MPU is brought to the sleep mode. For sleep 
mode, see the “sleep mode”’ section. 


Table 8 Index Register, Stack Manipulation Instructions 








Addressing Modes 
Pointer Operations limmMEO | DIRECT | INDEX | EXTEND 
lop |~ | «| or |~ | # jor |~ | # lop |~]# Jor] ~ | + | Oc 

Compare index Rep | cex lac | 3/3 |ec [4 {2 jacis|2[ec{s{3| | | | Sts) 

Decrement index Rep | OEx | | | | ttt ttt ff foots is | pepe st 
Decrement Stack Pntr | DES | | | | | tt ttt tT [setitsise-s-se  felelelelele 
increment index Rog | WX | | TT TE TT TT LY joes ft xen x tetelo ities 
increment Stack Pnte | INS | | | | tT tT | TT | [| fae ie is spvi~se felelelelete 
Load Index Reg Lox _jce[3[3[oele[2lee|s|2ire[s[3] | | [M~xXwimen-~x [elelals [Ale 
Loed Stack Pntr Los [ee | 3 [3 [oe [4] 2 jac|s[2jec|s[3| | | [M~ sy. mens Lelelait [Rie 
Store Index Reg smx | | foriel2fer[siaireis[s) | | [xnomx.~ met) [olelols [rie 
Store Steck Pntr sts | | | jor [4 ]2|aris|2 ier |s|3] | | [sha shy mend ole iat Ale 
index Rog Srack Pree] THB | | TT TTT tt fee iis [ots et elelejels 
onl lc} 2 OS) WO GO ee 
Add pA Sa ee xs eisie(eis|e 
Push Data Xi My, SP- 1+ SP e 

PLL EE PEP eee (PP 
Pull Date PULX SP + 1 SP, Mgy > Xiy e 
TTP eran PPTL 
Exchange LxGox | TEP Te ett Tt te lati facco-m _jelelelelese. 
\ 


Note) Condition Code Register will be explained in Note of Table 10. 
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Table 9 Jump, Branch Instruction 


| | | | ; Addressing Modes | een 

Operations [revarive [oinect | woex [EXTEND Braren Ten 5 Tal a2] To 

| | __[ or] ~| # [op |~]# Jop|~]* [or |~ |#|or| ~| « | HT iN lz[vic 
Branch Always pra {2o;3iz; | | | | | | | TT [None felelelelele 
Branch Never | BRN jartai27 |] | | Td Tc] Tc] | TT [None fe fe leoleleleo 
Branch if Carry Cor | acc [24] 3[2] | | | | | | | | | | | [e-o  [elelelelele 
Branch IfCerrySet_ | acs  |25/3/2/ | | | | | [| | |] J [ [er fefelelelels 
Branch if=Zero | sea  |27/3/2] [| | | | | | | | |] | | [zs1 Jelelelelele 
Branch if>Zero | sce |2cisi2] [ | | | | | | | | | | [n@v-0  [elelelelele 
Branch if>Zero | ect = 2e;3(2{ | | | | | ; | | | | | [2z+w@vi-o  [elelelelele 
Branch ifHigher =| BH] 22/3/27 [| | | | | | | Tt Tt fe+z-0 felelelelele 
Branch if<Zero = [| sue = [ei 3i2z{ | | | | tT | | TT | dT [z+@wet  [elelelelele 
ied cc 

e 
Branch If < Zero eur f2ojsiz] | | | | Ty TT | s@vet  felelelelele 
Branch If Minus | emi fzet3i2; | | | tT tt tT tT tT Net ele lejelele 
Branch If Not Equal 
scores [owe foslale] TTT TTT TTT TT [ee belelelele 
or owmew | ove frelsiz] | TT TT Tt [ere [ete fe fells 
Branch If OverflowSet| evs  [29/3i2{/ | | | [ | | f tt | [ [ves fe lelelolele 
Branch If Plus eeu fzatai2; | | | | | | | Ti] TT [neo felelelelele 
Branch To Subroutine | ash jso/5{2/ | {| | | | | | tt | | [ole jejelele 
Jump | sme foe [3 [2 fre fs is] tT ojo le je leis 
Jump To Subroutine | JSR || [| [90 [5 [2 [ao[s [2 jeol6 [3] | | | je[e |e |e [ele 
No Operation Cote et (alee ttl omee or ae eyedeies 
Return From interrupt) ATE || | | | | | TT || | [38 fro} | ae Ore 
i ce PEE EEE 
Subroutine | 
Softwere Interrupt swi PT TT Te tr fae feats | je |S /e |e |e |e 
Weitforinterrupts | war || | tt TT TT || se jods je |@le |e jefe 
SS ES OE A ee CCC 


Note) *WAI puts R/W high; Address Bus goes to FF FF; Data Bus goes to the three state. 
Condition Code Register will be explained in Note of Table 10. 
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Table 10 Condition Code Register Manipulation Instructions 





A ddressingModes Condition Code Register 
Operations IMPLIEO Boolean Operation fs[a[a[2 [1 Jo 
Lop | ~ | « | fHT ini zivie 
Cleer Carry [ce joirfr{ omc site telteltelte ta 
Cleer Interrupt Mesk cu foe | 1 ft | fe[ri{elele le 
Clear Overflow CLV Poa ts || peTelele ale 
Set Corry [sec foofr {sf r-c _fefelelelet|s 
Set Interrupt Mask es a ee ee Ce 
Set Overflow rT sev.  ~— joe ({a[y[ rev site fefetejsie 
AccurwmistorA~COR | TAP] OB | ay [ts | CAS CCR a 
CCR ~ Accumulator A TPA ror [i iy] ccr-a_—s— sf fo foto tole 


[NOTE 1] Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 


@ (BitV) Test: Result = 10000000? 

@ (BitC) Test: Result § 00000000? 

@  (BitC) Test: BCD Character of high-order byte greater than 9? (Not cleared if previously set) 

@® (BitV) Test: Operand = 10000000 prior to execution? 

6 (BitV) Test: Operand = 01111111 prior to execution? 

(Bit V) Test: Set equal to NeC=1 after the execution of instructions 

@ (BitN) Test: Result less than zero? (Bit 15=1) 

(All Bit) Load Condition Code Register from Stack. 

C)) (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt is required to exit the wait 
state. 

(All Bit) Set according to the contents of Accumulator A. 

@ (BitC) Result of Multiplication Bit 7=1 of ACCB? 


(NOTE 2] CLI instruction and interrupt. 
If interrupt mask-bit is set (I=‘'1'’) and interrupt is requested (TRG, = “0” or IRQ, = 0"), 





and then CLI instruction is executed, the CPU responds as follows. 
The next instruction of CLI is one-machine cycle instruction. 
Subsequent two instructions are executed before the interrupt is responded. 
That is, the next and the next of the next instruction are executed. 
The next instruction of CLI is two-machine cycle (or more) instruction. 


Only the next instruction is executed and then the CPU jump to the interrupt routine. 


Even if TAP instruction is used, instead of CLI, the same thing occurs. 


Table 11 OP-Code Map 


coe} 


\\E\-8 


% 
3 


2 + ] 4 
= x n 


2 
= 


oa 2] =) -4 
me c U|> 


lee 
| 0000 | 
| 0001 
| 0010 | 
0011 | 
| 0100, 
0101 | 
0110 | 
0111 | 
| 1000, 
| 1001 
| 1010 | 
| 1018 | 
| 1100 | 
| 1101 | 
1110 | 
Dita 


-AANNES ERNE 8 
SURE C UW LEG UCU GELUED 


UNDEFINED OP CODE 
* Only for instructions of AIM, OIM, EIM, TIM 
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® Instruction Execution Cycles 

In the HMCS6800 series, the execution cycle of each instruc- 
tion is the number of cycles between the start of the current 
instruction fetch and just before the start of the subsequent 
instruction fetch. 

The HD6303R uses a mechanism of the pipeline control 
for the instruction fetch and the subsequent instruction fetch 
is performed during the current instruction being executed. 





Therefore, the method to count instruction cycles used in 
the HMCS6800 series cannot be applied to the instruction 
cycles such as MULT, PULL, DAA and XGDxX in the HD6303R. 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus, and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


Table 12 Cycle-by-Cycle Operation 


Address Mode & 
Instructions 
















IMMEDIATE 
| Op Code Address + 1 
| aye Op Code Address+2 
Op Code Address+ 1 
pa Op Code Address+2 
| Op Code Address+3 
DIRECT 
“ADC. ADD | Op Code Address + 1 
AND BIT Address of Operand 
CMP EOR Op Code Address+2 
LDA ORA 
SBC SUB 
STA Op Code Address+ 1 
Destination Address 
pa fa Op Code Address+2 
ADDD CPX Op Code Address+ 1 
LOD LDS Address of Operand 
LDX SUBD Address of Operand+ 1 
Op Code Address+2 
STD STS Op Code Address+ 1 
STX Destination Address 
Destination Address + 1 
Op Code Address+2 
JSR | Op Code Address+ 1 
FFFF 
Stack Pointer 
| Stack Pointer—1 
Jump Address 
TiM Op Code Address+ 1 
Op Code Address+2 
| Address of Operand 
Op Code Address+3 
AIM EIM Op Code Address + 1 
OIM Op Code Address+ 2 
Address of Operand 
FFFF 
Address of Operand 
ie Op Code Address+3 


os Address Bus R/W 







Data Bus 


























Operand Data 
Next Op Code 





Operand Data (MSB) 
Operand Data (LSB) 
Next Code _ 









Address of Operand (LSB) 
Operand Data 
Next Op Code 


Destination Address 
Accumulator Data 

Next Op Code 

Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (LSB) 
Restart Address (LSB) . 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
immediate Data | 
Address of Operand (LSB) 
Operand Data 

Next Op Code 

immediate Data 

Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code _ 


_ Continued - —_ 
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Table 12 Cycle-by-Cycle Operation (Continued) 


Address Mode & Cycle ae 
Instructions Address Bus R/W Data Bus 


INDEXED 


MP 


ADC 
AND 
CMP 
LDA 
SBC 
TST 
STA 


ADDD 
CPX 
LDS 
SUBD 


STD 
STX 


JSR 


ASL 
COM 
INC 
NEG 
ROR 


TIM 


CLR 


' AIM 
OIM 
















































Op Code Address+ 1 Offset 
FFFF Restart Address (LSB) 
Jump Address First Op Code of Jump Routine 
ADD Op Code Address + 1 Offset 
BIT FFFF Restart Address (LSB) 
EOR IX + Offset Operand Data 
ORA Op Code Address+ 2 Next Op Code 
SUB 
Op Code Address+ 1 Offset 
FFFF Restart Address (LSB) 
IX + Offset Accumulator Data 
Op Code Address+ 2 Next Op Code 
Op Code Address + 1 Offset 
LOD FFFF Restart Address (LSB) 
LDX IX + Offset Operand Data (MSB) 
IX+ Offset+ 1 Operand Data (LSB) 
Op Code Address+ 2 Next Op Code 
STS Op Code Address + 1 Offset 
FFFF Restart Address (LSB) 
IX + Offset Register Data (MSB) 
iX+Offset+ 1 Register Data (LSB) 
Op Code Address+ 2 Next Op Code 
Op Code Address+ 1 Offset 
FFFF Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer — 1 Return Address (MSB) 
IX + Offset First Subroutine Op Code 
ASR Op Code Address+ 1 Offset 
DEC FFFF Restart Address (LSB) 
LSR IX+Offset Operand Data 
ROL FFFF Restart Address (LSB) 
1X + Offset New Operand Data 
Op Code Address+ 2 Next Op Code 
Op Code Address+ 1 immediate Data 
Op Code Address+2 Offset 
FFFF Restart Address (LSB) 
IX + Offset Operand Data 
Op Code Address+3 Next Op Code 
Op Code Address+ 1 Offset 
FFFF Restart Address (LSB) 
IX + Offset Operand Data 
IX + Offset 00 
Op Code Address+2 Next Op Code 
EIM 1 Op Code Address+ 1 immediate Data 
2 Op Code Address+2 Offset 
3 FFFF Restart Address (LSB) 
7 4 IX + Offset Operand Data 
5 FFFF Restart Address (LSB) » 
6 IX + Offset New Operand Data 
| 7 Op Code Address+3 Next Op Code 





— Continued — 
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Table 12 Cycle-by-Cycle Operation (Continued) 


EXTEND b. 
JMP Op Code Address+ 1 Jump Address (MSB) 
as * Op Code Address+2 | Jump Address (LSB) 
Jump Address Next Op Code 


ADC ADD TST Op Code Address+ 1 Address of Operand (MSB) 
AND BIT Op Code Address+ 2 Address of Operand (LSB) 
CMP EOR 
LDA ORA 
SBC SUB 
- a 








Address Mode 
| Instructions 





Data Bus 











Address of Operand Operand Data 
Op Code Address+3 Next Op Code 














Op Code Address + 1 
Op Code Address+2 
Destination Address 

Op Code Address+3 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 






ADDD Op Code Address+ 1 Address of Operand (MSB) 
CPX LDD Op Code Address+2 Address of Operand (LSB) 
LDS LDX Address of Operand Operand Data (MSB) 


SUBD 


. Address of Operand+ 1 
Op Code Address+3 
Op Code Address+ 1 
Op Code Address+ 2 
Destination Address 

Destination Address+ 1 
Op Code Address+3 


Operand Data (LSB) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) — 
New Operand Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


—_ Continued _ 


STX 


STD STS o 


JSR 

















COM DEC Op Code Address+2 
INC LSR Address of Operand 
NEG ROL 


ROR 


; G 


Address of Operand 
Op Code Address+ 3 
Op Code Address + 1 
Op Code Address+2 
Address of Operand 
Address of Operand 
Op Code Address+3 


ASL ASR o Op Code Address+ 1 






Op Code Address+ 1. 
Op Code Address+2 
Stack Pointer 

Stack Pointer—1 
Jump Address 
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Table 12 Cycle-by-Cycle Operation (Continued) 


Address Mode & Cycles Cycle Address Bus R/W Data Bus 
Instructions # 












IMPLIED 
ABA ABX Op Code Address + 1 Next Op Code 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC INS 
INX LSR 
LSRD ROL 
“ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST TSX 
TXS 
~ DAA XGDX Op Code Address+ 1 | Next Op Code 
PULA PULB Op Code Address+ 1 1 Next Op Code 
FFFF 1 | Restart Address (LSB) 
Stack Pointer + 1 1 Data from Stack 
PSHA PSHB Op Code Address +1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer Accumulator Data 
Op Code Address + 1 Next Op Code 
~ PULX Op Code Address+ 1 Next Op Code 
4 FFFF Restart Address (LSB) 
Stack Pointer + 1 Data from Stack (MSB) 
Stack Pointer +2 Data from Stack (LSB) 
PSHX Op Code Address+ 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer index Register (LSB) 
Stack Pointer — 1 index Register (MSB) 
Op Code Address+ 1 Next Op Code 
RTS | Op Code Address+ 1 Next Op Code 
FFFF Restart Address (LSB) 
Stack Pointer + 1 Return Address (MSB) 
Stack Pointer +2 Return Address (LSB) 
Return Address First Op Code of Return Routine 
MUL 1 Op Code Address + 1 Next Op Code ~ 
2 FFFF Restart Address (LSB) 
3 | FFFF Restart Address (LSB) 
7 4 FFFF Restart Address (LSB) 
5 FFFF Restart Address (LSB) 
6 FFFF Restart Address (LSB) 
7 FFFF | _| Restart Address (LSB) 


— Continued — 
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Address Mode & 
Instructions 


IMPLIED 


WAI 


RTI 


SWI 


SLP 


176 


Table 12 Cycle-by-Cycle Operation (Continued) 


Address Bus R/W 


Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer —1 
Stack Pointer—2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer —5 
Stack Pointer —-6 

Op Code Address+ 1 
FFFF 

Stack Pointer +1 
Stack Pointer+2 
Stack Pointer +3 
Stack Pointer +4 
Stack Pointer +5 
Stack Pointer +6 
Stack Pointer +7 
Return Address 

Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Vector Address FFFA 
Vector Address FFFB ~ 
Address of SWI Routine 
Op Code Address + 1 
FFFF 

FFFF 


OODNAMEWNHAODYNHAHPWH 


m_t ah and 
VuaOYMAVYBAH AWN 









FFFF 
_Op Code Address + 1 
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Data Bus 


Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
index Register (LSB) 
Index Register (MSB) 
Accumulator A 
Accumulator B 
Conditional Code Register 
Next Op Code 

Restart Address (LSB) 
Conditional Code Register 
Accumulator B 
Accumulator A 

Index Register (MSB) 
Index Register (LSB) 
Return Address (MSB) 
Return Address (LSB) 
First Op Code of Return Routine 
Next Op Code 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
Index Register (LSB) 
Index Register (MSB) 
Accumulator A 


Accumulator B 


Conditional Code Register 
Address of SW! Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWI Routine 
Next Op Code 

Restart Address (LSB) 

High Impedance-Non MPX Mode 
Address Bus -MPX Mode 


Restart Address (LSB) 
Next Op Code 
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Table 12 Cycle-by-Cycle Operation (Continued) 


Address Mode & 
Instructions 





RELATIVE 
BCC BCS 1 Op Code Address + 1 
BEQ BGE 3 2 FFFF 
BGT BHI 3 | Branch Address 
BLE BLS 
BLT BMT 
BNE BPL 
BRA BRN 
__BVC BVS 
BSR 





FFFF 


@ LOW POWER CONSUMPTION MODE 
Fhe HD6303R has two low power consumption modes; sleep 
and standby mode. 


© Sleep Mode 

On execution of SLP instruction, the MPU is brought to the 
sleep mode. In the sleep mode, the CPU stops its operation, 
but the contents of the registers in the CPU are retained. In this 
mode, the peripherals of CPU will remain active. So the opera- 
tions such as transmit and receive of the SCI data and counter 
may keep in operation. In this mode, the power consumption 
is reduced to about 1/6 the value of a normal operation. 

The escape from this mode can be done by interrupt, RES, 
STBY. The RES resets the MPU and the STBY brings it into the 
standby mode (This will be mentioned later). When interrupt is 
requested to the CPU and accepted, the sleep mode is released, 
then the CPU is brought in the operation mode and jumps to 
the interrupt routine. When the CPU has masked the interrupt, 
after recovering from the sleep mode, the next instruction of 
SLP starts to execute. However, in such a case that the timer 
interrupt is inhibited on the timer side, the sleep mode cannot 
be released due to the absence of the interrupt request to the 
CPU. 





© Steck registers Oscillator 
O RAM control stabilizing 
register set time 


restart 


Figure 21 Standby Mode Timing 


a Address Bus R/W 


nate Test="1" 
Op Code Address+1---Test="0” 


Op Code Address+ 1 


Stack Pointer 
Stack Pointer — 1 
Branch Address 





Data Bus 


Branch Offset 

Restart Address (LSB) 

First Op Code of Branch Routine 
Next Op Code 











Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Op Code of Subroutine 







This sleep mode is available to reduce an average power 
consumption in the applications of the HD6303R which may 
not be always running. 


@ Standby Mode 

Bringing STBY “Low”, the CPU becomes reset and all 
clocks of the HD6303R become inactive. It goes into the 
standby mode. This mode remarkably reduces the power con- 
sumptions of the HD6303R. 

In the standby mode, if the HD6303R is continuously sup- 
plied with power, the contents of RAM is retained. The standby 
mode should escape by the reset start. The following is the 
typical application of this mode. | 

First, NMI routine stacks the CPU’s internal information and 
the contents of SP in RAM, disables RAME bit of RAM control 
register, sets the standby bit, and then goes into the standby 
mode. If the standby bit keeps set on reset start, it means that 
the power has been kept during stand-by mode and the contents 
of RAM is normally guaranteed. The system recovery may be 
possible by returning SP and bringing into the condition before 
the standby mode has started. The timing relation for each line 
in this application is shown in Figure 21. 
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® ERROR PROCESSING 

When the HD6303R fetches an undefined instruction or 
fetches an instruction from unusable memory area, it generates 
the highest priority internal interrupt, that may protect from 
system upset due to noise or a program error, 


@ Op-Code Error . 

Fetching an undefined op-code, the HD6303R will stack the 
CPU register as in the case of a normal interrupt and vector to 
the TRAP ($FFEE, $FFEF), that has a second highest priority 
(RES is the highest). 


@ Address Error 

When an instruction is fetched from other than a resident 
RAM, or an external memory area, the CPU starts the same 
interrupt as op-code error. In the case which the instruction is 
fetched from external memory area and that area is not usable, 
the address error can not be detected. 

The address which cause address error are shown in Table 
13. 

This feature is applicable only to the instruction fetch, not to 
normal read/write of data accessing. 


Transitions among the active mode, sleep mode, standby 
mode and reset are shown in Figure 22. 

Figures 23, 24 show a system configuration. 
The system flow chart of HD6303R is shown in Figure 25. 


Table 13 Address Error 


Address Error 
$0000 ~ $001F 





Address Bus Data Bus 


Figure 23 HD6303R MPU. Multiplexed Mode 








Figure 22 Transitions among Active Mode, Standby Mode, 
Sleep Mode, and Reset 





Figure 24 HD6303R MPU Non-Multiplexed Mode 
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> EE 
Aco 


om mae Pc ~Pc-t | 
PC —PC-1 
STACK 


© Le et PCL — MSP 
<TRAPy> 











PCH — MSP- 1] 


NO IXL — MSP-2 
<at> YES IXH — MSP-3 
oO ACCA — MSP-4 
INSTRUCTION ACCB -—-MSP-5 | 
FETCH 


CCR — MSP-6 


N 
YES 
ap @) Lena 
a YES 
aoe 
Cc) WAI 


YES 
<[a: > 


SLEEP Flag 
LEAR 


VECTORING VECTORING 
Free, FEF 


NMI INTERRUPT 
REQUEST FLAG 
CLEAR 





Figure 25 HD6303R System Flow Chart 
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 
As shown in Fig. 26, there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and Cy must be put as near the HD6303R as 
possible. 






XTAL 






EXTAL 





HD6303R 


----------}---4---Signal line 
----------]--- -]--- Signal line 





Do not use this kind of print board design. 


Figure 26 Precaution to the boad design 
of oscillation circuit 





[20mm max—e| 


Avoid signal tines 
seer, in this area. 





HD6303R 


(Top View) 


Fig. 27 Example of Oscillation Circuits in Board Design 


@ PIN CONDITIONS AT SLEEP AND STANDBY STATE 
© Sleep State 

The conditions of power supply pins, clock pins, input pins _ 
and E clock pin are the same as those of operation. Refer to 
Table 14 for the other pin conditions. 


@ Standby State 

Only power supply pins and STBY are active. As for the 
clock pin EXTAL, its input is fixed internally so the MPU is 
not influenced by the pin conditions. XTAL is in “1” output. 
All the other pins are in high impedance. 


Table 14 Pin Condition in Sleep State 


Non Multiplexed Mode 
| Function VO Port 


Multiplexed Mode 
1/O Port 


P20 ~ Pas | Condition | Keep the condition just before sleep | = 


Ao/Pio~ | Function Address Bus (Ao ~A7) 
[Condition | ——Sutpue 
| Function | Address Bus (As ~A\5) 


[Function | Bata Bus (05~B 
“condition — High Impedance 
R/W Signal 


A7/P17 


As ~ Ais 


Do/Ao ~ 
D7/A7 


1/O Port 
Keep the condition just before sleep 
Address Bus (Ag ~ As) 
E: Address Bus (Ap ~A;.), E: Data Bus 
E: Output “1”, E: High Impedance 
R/W Signal 


wg [Function | | 
(W [condition [Output — 


ek i ane eee 


Output AS 
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Table 15 Pin Condition during RESET 


Non-Multiplexed Mode Multiplexed Mode 


Pin 


P20 ~ P24 High Impedance 


Ao/P10 ~ A7/P17 High Impedance © 


— 


As ~ Ais High Impedance 


: 1" Output 
Ee:"1" Output (Note) 
(High Impedance) 


Do/Ao ~ D7/A7 High Impedance 


+. 


R/W “1" Output 


E : “1” Output 


AS ——— 


E : High Impedance 


(Note) In the multiplexed mode, the data bus is set to ‘’1’’ output state during E = ‘1’’ and it causes the conflict with the output of 
external memory. Following 1 and 2 should be done to avoid the conflict; 
(1) Construct the system that disables the external memory during reset. 
(2) Add 4.7 kQ pull-down resistance to the AS pin to make AS pin “0” level during E= "1". This operation makes the 
data bus high impedance state. 


® RECEIVE MARGIN OF THE SCi 
Receive margin of the SCI contained in the HD6303R is 
shown in Table 17. 


® DIFFERENCE BETWEEN HD6303 AND HD6303R 
The HD6303R is an upgraded version of the HD6303. The 
difference between HD6303 and HD6303R is shown in Table 





















16. Note: SCI = Serial Communication Interface 
Table 16 Difference between HD6303 and HD6303R Table 17 
Bit distortion | Character 
HD6303R distortion tolerance 
Operating Mode 2: Multiplexed ! (t—to) /to (T—To) /To 
Mode Mode 2: Not defined Mode HD6303R +37.5% oer 








(Equivalent to Mode 4) 





Some characteristics 
are improved. 

The 2MHz version is 
guaranteed. 


The electrical character- 
istics of 2MHz version 
(B version) are not spec- 
ified. 

Has problem in output 
compare function. 
(Can be avoided by soft- 
ware.) 


Electrical 
Character- 
istics 



















Timer The problem is solved. 






6 7 8 STOP 


START 1 2 3 4 5 


Bit length eto 
Character length To 


he 


@ APPLICATION NOTE FOR HIGH SPEED SYSTEM 
DESIGN USING THE HD6303R 


Ideal Waveform 


Real Waveform 


and high noise immunity are generally considered to be enough 
with simply designed power source and the GND line. 


This note describes the solutions of the potential problem 
caused by noise generation in the system using the HD6303R. 
The CMOS ICs and LSIs featured by low power consumption 


But this does not apply to the applications configured of 
high speed system or of high speed parts. Such high speed sys- 
tem may have a chance to work incorrectly because of the noise 


© HITACHI 
Hitachi America Ltd. * 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 181 


HD6303R 


by the transient current generated during switching. One of 
example is a system in which the HD6303R directly accesses 
high speed memory such as the HM6264. The noise generation 
owing to the over current (Sometimes it may be several 
hundreds mA for peak level.) during switching may cause data 
write error. 

This noise problem may be observed only at the Expanded 
Mode (Mode 1, 2, 4, 5 and 6) of the HD6303R. 





Assuming the HD6303R is used as CPU in a system. 


1. Noise Occurrence 

If the HD6303R is connected to high speed RAM, a write 
error may occur. As shown in Fig. 28, the noise is generated in 
address bus during write cycle and data is written into an unex- 
pected address from the HD6303R. This phenomenon causes 
random failures in systems whose data bus load capacitance 
exceeds the specification value (90 pF max.) and/or the impe- 
dance of the GND line is high. : 


ee 
AS / \ / 


R/W 


As~Ais 


Dy ~ OD, 





Noise 
Me 


een Onn GD a 


Fig. 28 Noise Occurrence in address bus during write cycle 


If the data bus Dg ~ D, changes from “FF” to “00”, ex- 
tremely large transient current flows through the GND line. 
Then the noise is generated on the LSI’s Vg pins proportioning 
to the transient current and to the impedance [Zg] of the GND 
line. 


D, 





AL 
HD6303R 


Fig. 29 Noise Source 


This noise level, Vp. appears on all output pins on the LSI 
including the address bus. 


Fig. 30 shows the dependency of the noise voltage on the each 
parameter. 


Vn Vn 
Vec Cq 

Va Vin 
2g N 


Vn: Noise Voltage Zg: GND Impedance 
Cd: Data bus load capacitance 
N: Number of data bus lines switching from H to L 


Fig. 30 Dependency of the noise voltage on each parameter 


11. Noise Protection 
To avoid the noise on the address bus during the system 
operation mentioned before. there are two solutions as follows: 
The one method is to isolate the HD6303R from peripheral 
devices so that peripherals are not affected by the noise. The 
Other is to reduce noise level to the extent of not affecting peri- 
pherals using analog method. 
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1. Noise Isolation 

Addresses should be latched at the negative edge of the 
AS signal or at the positive edge of the E signal. The 74LS373 
is often used in this case. 








Do o D, 

D,/A,~ D, IA, Ao oe, A, 
HD6303R 

As ~ Ais As ~ Ais 







AS 


x Additional Latch 


(74LS373 for 
noise isolation) 


HD6303R 


2. Noise Reduction 

As the noise level depends on each parameter such Cd, Vcc, 
Zg, the noise level can be reduced to the allowable level by con- 
trolling those analog parameters. 

(a) Transient Current Reduction 

(1) Reduce the data bus load capacitance. If large load 
capacitance is expected, a bus buffer should be in- 
serted. 

(2) Lower the power supply voltage Voc within specifi- 
cation. 

(3) Increase a time constant at transient state by insert- 
ing a resistor (100 ~ 2002) to Data Buses in series 
to keep noise level down. 

Table 18 shows the relationship between a series 
resistor and noise level or a resistor and DC/AC 
characteristics. 





HD6303R 


Table 18. 


Noise Voltage Level 
DC Characteristics lot 


f = 1MHz 


f - 
f = 1.5 MH t 
teristics z ACCM 


tACCM 


Fig. 31 shows an example of the dependency of the noise 
voltage on the load capacitance of the data bus.* 


Maximum allowed 
load capacitance of 
the HD6303R 

= 90 pF specification 





conditions 






1.5 


> 

2 1.0 R=0 

8 

a) R = 1002 
> 

2 R = 2002 
oO 

2 


o 
wn 


R: Series Resistor 





See Fig. 31 
_ No change aie 
| 305ns | 805s 375 ns 
| 160nms | 180m 200 ns ; 
A. SS A EL 
p27ons | 250s | 280s 


“Note: The value of series resistor should be carefully selected because 
it heavily depends on each parameter of actual application 
system. 


Fig. 32 shows the typical wave form of the noise. 


E pin | 


25 ns 


Va 

Ae pin 

ns 
0 
50 100 
Data bus load capacitance Cd [pF] Fig. 32 
Fig. 31 
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(b) Reduction of GND line impedance | (3) Insert a bypass capacitor between the Voc line and the 
(1) Widen the GND line width on the PC pata: GND of the HD6303R. A tantalum capacitor (about 


(2) Place the HD6303R close by power source. 0.1uF) is effective on the reduction. 


Vee 
| Power 


(Recommended) 
Power 


Source 








(eeieewecere 



















| Memory | 


(Not recommended) 


HD6303R 





Fig, 33 Layout of the HD6303R on the PC board 


@ POWER-ON RESET 


At power-on it is necessary to hold RES “low” to reset the *Just after power-on, the MPU doesn’t enter reset state until 
internal state of the device and to provide sufficient time for the oscillation starts. This is because the reset signal is input 
the oscillator to stabilize. Pay attention to the following. internally, with the clocked synchronization as shown below. 






Internal reset signal 


Inside the LSI 


Fig. 34 Reset Circuit 


Thus, just after power-on the LSI state (I/O port, mode necessary to inform the LSI state to the external devices during 
condition etc.) is unstable until the oscillation starts. If it is this period, it needs to be done by the external circuits. 
© HITACHI 
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HD63BO3X 


CMOS MPU (Micro Processing Unit) 


The HD6303X is a CMOS 8-bit micro processing unit (MPU) 
which includes a CPU compatible with the HD6301VI, 192 
bytes of RAM, 24 parallel I/O pins, a Serial Communication 
Interface (SCI) and two timers on chip. 





HD6303XP, HD63A03xP, 
HD63B03XP 


FEATURES 
instruction Set Compatible with the HD6301V 1 
192 Bytes of RAM 
24 Parallel 1/O Pins 
16 1/0 Pins-Port 2, 6 
8 Input Pins-Port 5 
Darlington Transistor Drive (Port 2, 6) 
@ 16-Bit Programmable Timer 
Input Capture Register x 1 
Free Running Counter x 1 HD6303XF, HD63A03XF 
Output Compare Register x 2 HD63B03XF : 
@ 8-Bit Reloadable Timer 
External Event Counter Square Wave Generation 
Serial Communication Interface 
Memory Ready 
Halt 
Error-Detection (Address Trap, Op-Code Trap) 
Interrupts... 3 External, 7 Internal 
Up to 65k Bytes Address Space 
Low Power Dissipation Mode 
Sleep Mode 
Standby Mode 
® Minimum Instruction Execution Time -0.5yus 
(f = 2.0 MHz) HD6303XCP, HD63A03XCP, 
© Wide Range of Operation HD63B03XCP 
Veco = 3 ~ 6V (f = 0.1 ~ 0.5 MHz). 
f =0.1 ~ 1.0 MHz; HD6303X 
Vec = 5Vt10% f = 0.1 ~ 1.5 MHz; HD63A03X 
f =0.1 ~ 2.0 MHz; HD63B03X 


(CP-68) 
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= PIN ARRANGEMENT (Top View) 
@ HD6303XP, HD63A03XP, HD63B03XP 


[9] R/W 


TBY 
79] RES 
| 68) NC 


78] MP, 
[75] EXTAL 
74] XTAL 


80 | 

77) MPo_ 
1/76} NC 
173} Vss 
72] 
1711 RD 
[70] WR 
67] LIR 


Nwil | 
NCL2, 
NC{ 3] 
NC[a] 
P20 | 5 | 
Pai! 6] 
P2a2| 7] 
Pas| 8 | 
Pa [9] 
Pas [10) 
Poe [11] 
Par [iz 
NC[13] 
Pao 14 
Par Lis) 
Psa [16| 
Psa L 17 
Poa [18] 
Pos [19] 
Pao | 20] 
Ps7{ 21] 
NC [22 
nc [23] 
NC [24] 


Pso| 25] 
Ps: { 25; 
Pe2 | 27] 
Pe3{ 23} 
Psa 127) 
Pss | 30} 
Pes | 33 | 
Pez | 32) 
Vee] 33} 
Ais{ 34} 
Axa] 35 
Ai3 36} 
Ai2| 37] 
Ari] 38) 
A10{ 39] 
Ag {40 





“dd 
> < 
mln o Ck x | 
BDBSS55 32.2823 35 
" APIS 
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[66] BA 


[65] Do 


© HD6303XF, HD63A03XF, HD63B03XF 





164] Dy 
63] NC 
62] D2 
ret] NC 
|60| NC 
59] Ds 
| 58] De 
| $7] Os 
56] De 
35] D7 
[$4] NC 
5a] NC 
[52] Ao 
151) Ay 
| $0] Aa 
49] Aa 
48] Ag 
47] As 
46] Ag 
[45] Ar 
44] Vag 
43] As 
raz] NC 
41} NC 





HD6303X 


® BLOCK DIAGRAM 











> 
Oo orc 

Vec 5 = g E = w 

Vss 

Vss U 

o« 

P20(Tin) 
P21(Tout1) Qa RD 
P22(SCLK) suey & a WR 
agit anim R/W 
P24(Tx) OR 





P25 (Tout2) ae 





P26(Tout3) 
oe GAGE BS 
Do 
5 Pp} 
= D, 
= 5 
ay |) ae F 5. 
: : 
i t—o. 
= - Ds 
6 
Q Ds 
D, 
4 
wo Ao 
F: C A, 
~N 4 a Az 
- Q 
: oS ee 
ra = Aa 
7 é - As 
Pso(IRO1) 2 A; 
Ps:(IRQ2) 2 
Ps2(MR) -< 
Ps3(HALT) 7 As 
Pse = Ag 
Pss oO Ao 
Ps6 S Ay 
Pp a Ar2 
57 3 
@ Ai3 
8 Avs 
A 
Peo 15 
Pe, 
Pea o 
Pe3 
Pes Pa 
Pes a RAM 
Pee 192 Bytes 
Pez 
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= ABSOLUTE MAXIMUM RATINGS 


item Value ___Unit 
Supply Voltage 03~ +70 v 


Input Voltage -0.3 ~ Vect0.3 : 
Operating Temperature | 0~ +70 . 
Storage Temperature ; -55 ~ +150 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoltage more than maximum ratings to these high input impedance protection 
circuits. To assure the normal operation, we recommend Vin, Vout: Vss S (Vin OF Vout) S Vec- 


aQ1a|< 


° 


@® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = 0~ +70°C, unless otherwise noted.) 


Item | Symbot | TestCondition | min | typ 


_«é AES, STEY 
Input “High” Voltage EXTAL 
Other Inputs 


input “‘Low’’ Voltage 


input Leakage Current i ee sat ra Vin = 0.5~ Vec-0.5V | = | 
a 


Unit 


< 
x 


arr: 
Three State (off-state) |Ao~A1s,O9~D7, RD, =Nk~ | 
Leakage Current WR, R/W,Port 2,Port 6 Itrsul m= 0.5 Vicc-0.5V e 
| lon = -2000A | 
Output ‘‘High’’ Voltage All Outputs Von a a ae ae 
ion = =10UA ve 0nd 


Output “Low” Voltage All Outputs VoL lot = 1.6mA 


Darlington Drive 


apa! Vout = 1.5V 


Ports 2,6 mA 


Input Capacitance | All Inputs Vin = pa = 1MHz, oF 
Standby Current | NonOperation | tere | uA 


mA 
mA 
mA 
mA 
mA 
mA 


Sleeping (f = 2MHz**) 


Operating (f = 1MHz**) 

Operating (f = 1.5MHz**) 

Operating (f = 2MHz**) — 
RAM Standby Voltage 


*Ving min = Vec-1.0V, Vig max = 0.8V , All output terminals are at no load. 


Current Dissipation” 


po 

he Se 

Sleeping (f=1MHz**) | —- | 

Sleeping (f = 1.5MHz**) p= 
eee 

ia ae 

ee 

reed 

el 


+ 
S| oo 
< 


** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. 
values about Current Dissipations at x MHz operation are decided according to the following formula; 


typ. value (f = x MHz) =typ. value (f = 1MHz) xx 
max. value (f = x MHz) = max. value (f = 1MHz) x x 


(both the sleeping and operating) 
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@ AC CHARACTERISTICS (Vcc = 5.0V+10%, Vsg = OV, Ta = 0 ~+70°C, unless otherwise noted.) 


BUS TIMING 
Test HD6303X HD63A03X HD63B03X 
Cyele Time fee] ~L+ | - | 0 foses[- | 0 fos] - | 10 | a 
Enable Rise Time rer | Fe a A A 
Enable Fall Time rma i es eee ee 
Enable Pulse Width “High” Level” | PWen | | 450 {| — | — | 300] - | - | 20] - [ - | ns 
Enable Pulse Width “Low” Level” | 450; - | — | 300 — {| — | 220[ - | - | ns 
Address, RW Delay Time* [tao | | - | - | 250] - | - | 190] - | - | 160] ns 
DataDeay Time [Wits |toow | [= | - | 200] - | - [10] — | — | 120] ns 
Data Setup Time | Read | tosn elt deo, re ns de 
Address, R/W Hold Time® tan | | 80 | - | - | 50] - | - | 35 | - | - [os 
Raiaanine |Write* [tow | so | - | - | so | - | - | ao[ - [ - | os 
[Read [tun po} -}]-{[of-|-] of - | - | ns 
A, WA Pate wiat rPWew | = [aso | - | - Pao — | [20t |= | rm 
FD, WR Delay Time mo] ~-|-)e|-|-1e]-|-|« | 
RD, WA Hold Tine tan Se ee a) a ae 
CTF Delay Time == foo [== 60 [== 20 as 
IR Hold Time Ce ae Se 
MR Setup Time” a a A 
MR Hold Time* re ed 
E Clock Pulse Width at MR | PWema_ }- |-]9]/-{[-]9]-][-] 9 [ass 
ee Oe eee 
Processor Control Rise Time tece | | - | - | 10] - | - | 100] - | — | 100° ns 
Processor Control Fall Time | - | — | wo} —- {| — | 100] - | - | 100° ns 
Oscillator Stabilization Time itac | Fig.11 | 20 | - | - {| 20] - | - | 20{ - | - | ms 
Reset Pulie Width eR ES Oe 


* These timings change in approximate proportion to teyc- The figures in this characteristics represent those when teyc is minimum 
(= in the highest speed operation). - 


PERIPHERAL PORT TIMING 


Test HD6303X HD63A03X HD63B03X : 

Item Symbol ae Wo typ Unit 
Peripheral Data 
Set-up Time Ports 2, 5,6 tepsu | Fig 5 
Peripheral Data 
Hold Time Ports 2,5,6 tppH | Fig. 
Delay Time (Enable 
Negative Transition to | Ports 2,6 
Peripheral Data Valid) | 
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TIMER, SCI TIMING 


Test HD6303X | HD63A03X HD63B03X | 
ee ayes | Condition | Fay an Unit 


Timer 1 Input Pulse Width _ t 
Delay Time (Enable Positive 


Transition to Timer Output) troo 
SCI Input 
Clock Cycle Clock Sync. 


SCI Transmit Data Delay 


Time (Clock Sync. Mode) trxD ey 
SC! Receive Data Set-up 

Time (Clock Sync. Mode) 

SC! Receive Data Hold Time 

(Clock Sync. Mode) 


2 


teye 
ns 

teye 

teye 


ns 


Lt 
seal 
= [ 
Br 


SC! Input Clock Pulse Width 


ieee 
nea 
e| 7 
ro} 
b 
© 
co 






tseyc 
Timer 2 Input Clock Cycle treye teye 
Timer 2 Input Clock Pulse 


Width tpwtck ns 


Timer 1°2, SCI input Clock 
Rise Time 


Timer 1°2, SCI input Clock 
Fall Time 


Ns 


AS 
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teye 


2.4V 
—E PWer 
0.8V 
tad dl taH 


2.4V 
Ao~ Ais, 
ae ee oe 


turaw 


trawo PWeaw 
ne 7 4V 
BDNe 0.8V 





tuw 

MPU Write | 2.4V | 

— er 
ae Terr 

MPU Read 2.0V 

Do~D, | | oe 


to.r thir 


re ~ 0.8V 


Figure 1 Bus Timing 


0.8V 
tsmr 


MR 


tecr 





Figure 2 Memory Ready and E Clock Timing 
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Last Instruction Instruction Execution 
Execution Cycle HALT Cycle Cycle 





HALT 


BA 





Figure 3 HALT and BA Timing 


Synchronous Clock 


Transmit Data 


Receive Data 





* 2.0V is high level when clock input. 
2.4V is high level when clock output. 


Figure 4 SCI Clocked Synchronous Timing 


[~ MPU Write 








E E 
P20 ~ P27 
50 ~ P57 
oa 
nputs 
P20 ~ P27 2.4V : 
Peo ~ Per 08V Data Valid 
(Outputs) 
Figure 5 Port Data Set-up and Hold Times (MPU Read) Figure 6 Port Data Delay Times (MPU Write) 
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E E 2.4V 
Timer 1 om 
Combate: 
FRC SD atched T2CNT 
trop trop 

Po, P25 p O 

Outputs ae eue 

TCONR=N 


(a) Timer 1 Output Timing (b) Timer 2 Output Timing 


Figure 7 Timer Output Timing 


Ri =2.2kQ 
Test Point 
0.8V 1$2074® 
tex: or Equiv. 


tone 








2 : C =90pF for Do~D7, Ag~ 
* : eT: 1;t =n = i" 
set ee Trees nek =30pF for Port 2, Port “ A Wi. R/W, BA, LI 
SCI; tpwscK R=12kQ2 


Figure 8 Timer 1°2, SCI Input Clock Timing Figure 9 Bus Timing Test Loads (TTL Load) 


Interrupt 
Test P 
E - 
internal . ; 
Aaacack Hie (i xX xX xX XX xX %X KX X X% NX KX KX KX KX?) 
Op Code Op Code FFFF SP  SP-1 SP-2  SP-3  SP-4 SP-5 SpP-6 Vector Vector New 
ina, A MSB LSB PC 
Be FRQ:. 0.8V dress Address + 1 Address Address Address 
2, iRO3 
tecs 
ld 
ata Bus 
Op  Operand irrelevant PCO~ PC8- Ix0- x8- ACCA ACCB- CCR _ Vector Vector First Inst. of 
Code Op Code Data : PC7 PC15 1X7 x15 MSB-~ LSB interrupt Routine 
Internal 
Read ON ne ee 
. Internal / \ 
Write 


Figure 10 Interrupt Sequence 
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Address cal 





we CC 


FREE PERF FFFE FREE FEFE FREE FFFE New PC 





= 


_fe aye Se Sv 
tecs 
| o08v 


fre 


FFEE FFFE 


rt irre freemen fete ee 





ER ———)-.—CS + 


PC8~ PCO- First 
PC15 PC7_ Instruction 


Figure 11 Reset Timing 


@ FUNCTIONAL PIN DESCRIPTION 
® Vcc. Vss 

Vcc and Vss provide power to the MPU with 5V+10% sup- 
ply. In the case of low speed operation (fmax = 500kHz), the 
MPU can operate with three through six volts. Two Vsg pins 
should be tied to ground. 


‘@ XTAL, EXTAL | 

These two pins interface with an AT-cut parallel resonant 
crystal. Divide-by-four circuit is on chip, so if 4MHz crystal 
oscillator is used, the system clock is 1MHz for example. _ 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
s=602 max 
XTAL 
CI Cii=Ctr2 
= 1O0pF ~ 22pF+ 20% 
EXTAL (3.2 ~ 8MHz) 


Cr2 — Cu 


ae ar 


Figure 12 Crystal Interface 


EXTAL pin can be drived by the external clock of 45 to 
55% duty, and one fourth frequency of the external clock 
is produced in the LSI. The external clock frequency should 
be less than four times of the maximum operable frequency. 
When using the external clock, XTAL pin should be open. 
Fig. 12 shows an example of the crystal interface. The crystal 
and C;1, C_2 should be mounted as close as possible to XTAL 


and EXTAL pins. Any line must not cross the line between the 
crystal oscillator and XTAL, EXTAL. 


e@ STBY 

This pin makes the MPU standby mode. In “Low” level, the 
oscillation stops and the internal clock is stabilized to make 
reset condition. To retain the contents of RAM at standby 
mode, “0” should be written into RAM enable bit (RAME). 
RAME is the bit 6 of the RAM/port 5 control register at $0014. 
RAM is disabled by this operation and its contents is sustained. 

Refer to “LOW POWER DISSIPATION MODE?” for the 
standby mode. 


© Reset (RES) 

This pin resets the MPU from power OFF state and pro- 
vides a startup procedure. During power-on, RES pin must 
be held ‘“‘Low” level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM 
and the data register of a port are not initialized during reset, 
so their contents are unknown in this procedure. 

To reset the MPU during operation, RES should be held 
“Low” for at least 3 system-clock cycles. At the 3rd cycle 
during “‘Low” level, all the address buses become “High”. When 
RES remains “Low”, the address buses keep “High”. If RES 
becomes “High’’, the MPU starts the next operation. 

(1) Latch the value of the mode program pins; MPy and MP, . 

(2) Initialize each internal register (Refer to Table 3). 

(3) Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts IRQ, , IRQ, and IRQ3;, this bit should 
be cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
(SFFFE, $FFFF) into the program counter and start the 
program from this address. (Refer to Table 1). 

*The MPU is usable to accept a reset input until the clock 
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becomes normal oscillation after power on (max. 20ms). During 
this transient time, the MPU and I/O pins are undefined. Please 
be aware of this for system designing. 


@ Enable (E) 

This pin provides a TTL-compatible system clock to external 
circuits. Its frequency is one fourth that of the crystal oscillator 
or external clock. This pin can drive one TTL load and 90pF 
capacitance. 


@ Non-Maskable Interrupt (NMI) 

When the falling edge of the input signal is detected at this 
pin, the CPU begins non-maskable interrupt sequence internally. 
As well as the IRQ mentioned below, the instruction being 
executed at NMI signal detection will proceed to its completion. 
The interrupt mask bit of the condition code register doesn’t 
affect non-maskable interrupt at all. _ 

When starting the acknowledge to the NMI, the contents of 
the program counter, index register, accumulators and condition 
code register will be saved onto the stack. Upon completion 


of this sequence, a vector is fetched from $FFFC and $FFFD 


to transfer their contents into the program counter and branch 

to the non-maskable interrupt service routine. 

(Note) After reset start, the stack pointer should be initialized 
on an appropreate memory area and then the falling edge 


HD6303X 


should be input to NMI pin. 


© Interrupt Request (IRQ; , IRQ,) 

These are level-sensitive pins which request an internal 
interrupt sequence to the CPU. At interrupt request, the CPU 
will complete the current instruction before its request acknowl- 
edgement. Unless the interrupt mask in the condition code 
register is set, the CPU starts an interrupt sequence; if set, the 
interrupt request will be ignored. When the sequence starts, the 
contents of the program counter, index register, accumulators 
and condition code register will be saved onto the stack, then 
the CPU sets the interrupt mask bit and will not acknowledge 
the maskable request. During the last cycle, the CPU fetches 
vectors depicted in Table 1 and transfers their contents to the 
program counter and branches to the service routine. 

The CPU uses the external interrupt pins, IRQ, and IRQ,, 
also as port pins Psp and Ps;, so it provides an enable bit to 
Bit O and 1 of the RAM port 5 control register at $0014. Refer 
to “RAM/PORT 5 CONTROL REGISTER” for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or 
SIO is generated, the CPU produces internal interrupt signal 
(IRQ;). IRQ; functions just the same as IRQ, or IRQ, except 
for its vector address. Fig. 13 shows the block diagram of the 
interrupt circuit. 








Table 1 Interrupt Vector Memory Map 


Vector 


Priorit 
Y [oss ts8 J 
Highest =| FFFE | FFFF | 
FFEE | FFEF | 
FeeC | FFFO | 
Fer2 [FFF 
FFEC | FFED | 
Lowest [FFFO | FFFI_| 


Interrupt 
RES 
TRAP 
NMI 
SWI (Software Interrupt) 
TRO, 


IC! (Timer 1 Input Capture) 

OCI (Timer 1 Output Compare 1, 2) 
TOI! (Timer 1 Overflow) 

CMI (Timer 2 Counter Match) 

IRQ, 

SIO (RORF+ORFE+TDRE) 
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Each Register’s Interrupt 


Enable Flag 


“1”: Enable, ‘0’; Disable 





IRQ; oo 
sa Condition 
Code 
iRG2 ion Register 
con fare 
interrupt 
TOF mien ses ) Request 
IRQ: Signal 
‘ CMI 
a bie 
an ay 
Ed Dp Sleep 
pre ge Cance! 
NMi Detective GED Signal 
Circuit 
Address Error | TRAP 
Op Code Error 
Detective Circuit 
SWI 


Figure 13 Interrupt Circuit Block Diagram 


@ Mode Program (MP, MP,) 

To operate MPU, MPy pin should be connected to “High” 
level and MP, should be connected to “Low” level (refer to 
Fig. 15). 


© Read/Write (R/W) 

This signal, usually be in read state (“High”), shows whether 
the CPU is in read (“High”) or write (“Low”) state to the 
peripheral or memory devices. This can drive one TTL load 
and 30pF capacitance. 


@ RD,WR 

These signals show active low outputs when the CPU is 
reading/writing to the peripherals or memories. This enables 
the CPU easy to access the peripheral LSI with RD and WR 
input pins. These pins can drive one TTL load and 30pF capaci- 
tance. 


®@ Load Instruction Register (LTR) 

This signal shows the instruction opecode being on data 
bus (active low). This pin can drive one TTL load and 30pF 
capacitance. 


@ Memory Ready (MR; P.>) 

This is the input control signal which stretches the system 
clock’s ‘‘High” period to access low-speed memories. During 
this signal is in “High”, the system clock operates in normal 
sequence. But this signal in “Low’’, the “High” period of the 
system clock will be stretched depending on its ‘“‘Low” level 
duration in integral multiples of the cycle time. This allows the 
CPU to interface with low-speed memories (see Fig. 2). Up to 
9 us can be stretched. 

During internal address space access or nonvalid memory 


access, MR is prohibited internally to prevent decrease of oper- 
ation speed. Even in the halt state, MR can also stretch “High” 
period of system clock to allow peripheral devices to access 
low-speed memories. As this signal is used also as Ps. , an enable 
bit is provided at bit 2 of the RAM/port 5 control register at 
$0014. Refer to “RAM/PORT 5 CONTROL REGISTER” for 
more details. 


@ Halt (HALT; P53) 

This is an input control signal to stop instruction execution 
and to release buses. When this signal switches to “Low’’, the 
CPU stops to enter into the halt state after having executed 
the present instruction. When entering into the halt state, it 
makes BA (P44) “High” and also an address bus, data bus, RD, 
WR, R/W high impedance. When an interrupt is generated 
in the halt state, the CPU uses the interrupt handler after ‘the 
halt is cancelled. 

(Note) Please don’t switch the HALT signal to “Low” when 
the CPU executes the WAI instruction and is in the 
interrupt wait state to avoid the trouble of the CPU’s 
operation after the halt is cancelled. 


® Bus Available (BA) 

This is an output control signal which is normally “Low” 
but “High” when the CPU accepts HALT and releases the buses. 
The HD6800 and HD6802 make BA “High” and release the 
buses at WAI execution, while the HD6303X doesn’t make 
BA “High” under the same condition. But if the HALT becomes 
“‘Low’”’ when the CPU is in the interrupt wait state after having 
executed the WAI, the CPU makes BA “High” and releases the 
buses. And when the HALT becomes “High’’, the CPU returns 
to the interrupt wait state. 
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® PORT 

The HD6303X provides three I/O ports. Table 2 gives the 
address of ports and the data direction register and Fig. 14 
the block diagrams of each port. 


Table 2 Port and Data Direction Register Address 


“Port Address 
$0003 


Data Direction Register 


$0015 
$0017 





@ Port 2 

An 8-bit input/output port. The data direction register 
(DDR) of port 2 controls the I/O state. It provides two bits; 
bit O decides the I/O direction of Pz9 and bit 1 the I/O direc- 
tion of P,, to P27 (“O” for input, “1” for output). 


Port Write Signal 
Port Output Enable 






Data Bus 


Timer 1, 2, 
SCI Output Tri-state 


Control 


Timer 1, 2, 
SCI Input 


Port 2 


Port Read Signal 
ol 


Data Bus 


Port 5 


HD6303X 


Port 2 is also used as an I/O pin for the timers and the 
SCI. When used as an I/O pin for the timers and the SCI, port 
2 except P29 automatically becomes an input or an output 
depending on their functions regardless of the data direction 
register’s value. 


Port 2 Data Direction Register 


7 6 5 4 3 2 1 O 
DOR | OOR 


A reset clears the DDR of port 2 and configures port 2 as an 
input port. This port can drive one TTL and 30pF capaci- 
tance. In addition, it can produce ImA- current when Voy = 
1.5V to drive directly the base of Darlington transistors. 


Port Write Signal 





Data Bus 


Timer 1 Input 
(P25 only) 


Port 6, Port 2 (Bit 0) 


Figure 14 Port Block Diagram 


@® Port5 
An 8-bit port for input only. The lower four bits are also 
usable as input pins for interrupt, MR and HALT. 





@ Port6 

An 8-bit I/O port. This port provides an 8-bit DDR corre- 
sponding to each bit and can specify input or output by the 
bit (“O” for input, “1” for output). This port can drive one 
TTL load and 30pF capacitance. A reset clears the DDR of port 
6. In addition, it can produce ImA current when Voy; = 1.5V 
to drive directly the base of Darlington transistors. 


s BUS 
@ Do~D, 

These pins are data bus and can drive one TTL load and 
90pF capacitance respectively. 


@ Ao~Ais 
These pins are address bus and can drive one TTL load and 
90pF capacitance respectively. 


® RAM/PORT 5 CONTROL REGISTER 
The control register located at $0014 controls on-chip 


RAM and port 5. 


RAM/Port 5 Control Register 


7 6 5 4 3 2 1 re) 
STBY/. | HLT $0014 
PWR Ele 


Bit 0, Bit 1 1ROQ,, 1RQ, Enable Bit (1ROQ,E, |RQ2E) 

When using Pso and P., as interrupt pins, write “1” in 
these bits. When “O”, the CPU doesn’t accept an external 
interrupt or a sleep cancellation by the external interrupt. 
These bits become ‘‘O” during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 

When using P.2 as an input for Memory Ready signal, write 
“1” in this bit. When “0”. the memory ready function is pro- 
hibited and P.. can be used as I/O port. This bit becomes 
“*1”” during reset. 


Bit 3 Halt Enable bit (HLTE) . 
When using Ps; as an input for Halt signal, write “1” in this 
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bit. When “0”, the halt function is prohibited and Ps; can be 

used as I/O port. This bit becomes “1” during reset. 

(Note) When using Ps. and Ps3 as the input ports in mode 1 
‘and 2, MRE and HLTE bit should be cleared just after 
the reset. 

Notice that memory ready and halt function is enable 
till MRE and HLTE bit is cleared. 


Bit 4, Bit 5 Not Used. 


Bit 6 RAM Enable (RAME) 

On-chip RAM can be disabled by this control bit. By re- 
setting the MPU, “1” is set to this bit, and on-chip RAM is 
enabled. This bit can be written “1” or “‘O” by software. When 
RAM is in disable condition ( logic “0”), on-chip RAM is 
invalid and the CPU can read data from external memory. 
This bit should be ‘O” before getting into the standby mode to 
protect on-chip RAM data. 


Bit 7 Standby Power Bit (STBY PWR) 

When Vcc is not provided in standby mode, this bit is 
cleared. This is a flag for both read/write by software. If this bit 
is set before standby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby 
mode and the on-chip RAM data is valid. 










E 
RDB 
WR 
R/W 
NMI HD6303 BA 
Port MPU 
a 0 Lines 
imerl, 2 
S (—» 8 Data Bus 
@ input Uies i) 
inGh. TAGs 


MR, HALT 


16 Address 
Port 6 Bus 
81/0 Lines 


Figure 15 Operation Mode 


# MEMORY MAP 
The MPU can address up to 65k bytes. Fig. 16 gives memory 


map of HD6303X. 32 internal registers use addresses from “00” 
as shown in Table 3. 3 


Table 3 Internal Register 


14 RAM/Port 5 Control Register 


a 


$7C or $FC 


Address Initialize at RESET 
00 soca eae eae ee ee = 
01 | Port2Data Direction Register | WW SFC 
a [SO : 
03 Port 2 Undefined 
5 a ee = 
el ae ee eee, Mae nee é 
a : 
08 $00 
09 $00 
OA $00 
08 $FF 
oc Output Compare Register 1 (“Low”) SFF 
00 | Input Capture Register ("High") | _R | $00 
(OE __| Input Capture Register ("Low") |__| $00 
OF $10 
10 $00 
" $20 
12 | Recaive Data Regier STOR $00 
13, [Transmit Date Register «dT SOW C*YSSCSC«SO 

ae ee 
Wee a) 


~_d 
oi 


16 Port 6 Data Direction Register 


$00 


(continued) 
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Table 3 Internal Register 


PIES aaron 
17 | Pot6 RM Undefined 
ee ee 
r FF 
1A Output Compare Register 2 (“Low”) SFF 
r $20 
i¢ | Time Constant Register| w | $F 
1D $00 
ee i a eae MEE 
i i a a eee 


© External Address. 
** Test Register. Do not access to this register. 
***R =: Read Only Register 
W_: Write Only Register 
R/W: Read/Write Register 


HD6303X 
Expanded Mode 


$ ° YGyyy Internal* 
Register 
soo’ Aer 
|} Memory 
$0040 Yy Space 
Internal 
RAM 


$SOOFF 


External 
Memory 
Space 


* Excludes the following addresses 
which may be used externally : 
$02, $04, $06, $07, $18. 





Figure 16 HD6303X Memory Map 


@ TIMER 1 
The HD6303X provides a 16-bit programmable timer which 
can simultaneously measure an input waveform and generate 
two independent output waveforms. The pulse widths of both 
input/output waveforms vary from microseconds to seconds. 
Timer 1 is configurated as follows (refer to Fig. 18). 
* Control/Status Register 1 (8 bit) 
Control/Status Register 2 (7 bit) 
Free Running Counter (16 bit) 
Output Compare Register 1 (16 bit) 
Output Compare Register 2 (16 bit) 
Input Capture Register (16 bit) 


@ Free-Running Counter (FRC) ($0009 : 000A) 
The key timer element is a 16-bit free-running counter driven 


and incremented by system clock. The counter value is readable 
by software without affecting the counter. The counter is 
Cleared by reset. 

When writing to the upper byte ($09), the CPU writes the 
preset value ($FFF8) into the counter (address $09, $0A) 
regardless of the write data value. But when writing to the 
lower byte ($0A) after the upper byte writing, the CPU writes 
not only the lower byte data into lower 8 bit, but also the 
upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it 
by double store instructions (STD, STX etc.). 


$09 Write SOA Write 


bale 


SFFFS 





Counter value 


$5AF3 


In the case of the CPU write ($5AF3) to the FRC 
Figure 17 Counter Write Timing 


@ Output Compare Register (OCR) 

($000B, $000C;: OCR1) ($0019, $001A ; OCR2) 

The output compare register is a 16-bit read/write register 
which can control an output waveform. The data of OCR is 
always compared with the FRC. 

When the data matches, output compare flag (OCF) in the 
timer control/status register (TCSR) is set. If an output enable 
bit (OE) in the TCSR2 is “1”, an output level bit (OLVL) in 
the TCSR will be output to bit 1 (Tout 1) and bit 5 (Tout 2) 
of port 2. To control the output level again by the next com- 
pare, the value of OCR and OLVL should be changed. The 
OCR is set to $FFFF at reset. The compare function is inhibited 
for a cycle just after a write to the OCR or to the upper byte 
of the FRC. This is to begin the comparison after setting the 
16-bit value valid in the register and to inhibit the compare 
function at this cycle, because the CPU writes the upper byte 
to the FRC, and at the next cycle the counter is set to SFFF8. 

* For data write to the FRC or the OCR, 2-byte transfer 

instruction (such as STX etc.) should be used. 


@ Input Capture Register (ICR) ($000D : OOOE) 
The input capture register is a 16-bit read only register which 
stores the FRC’s value when external input signal transition 
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generates an input capture pulse. Such transition is controlled 
by input edge bit (IEDG) in the TCSR1. 

In order to input the external input signal to the edge 
detecter, a bit of the DDR corresponding to bit 0 of port 2 
should be cleared (“0”). When an input capture pulse occurs 
by the external input signal transition at the next cycle of CPU’s 
high-byte read of the ICR, the input capture pulse will be de- 
layed by one cycle. In order to ensure the input capture oper- 
ation, a CPU read of the ICR needs 2-byte transfer instruction. 
The input pulse width should be at least 2 system cycles. This 
register is cleared ($0000) during reset. 


@ Timer Control/Status Register 1 (TCSR1) ($0008) 
The timer control/status register 1 is an 8-bit register. All bits 
are readable and the lower 5 bits are also writable. The upper 3 
bits are read only which indicate the following timer status. 
Bit5 The counter value reached to $0000 as a result of 
counting-up (TOF). 

Bit 6 A match has occured between the FRC and the OCR 1 
(OCF1). 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 

The followings are each bit descriptions. 


Timer Control/Status Register 1 





pwve| $0008 
BitO OLVL1 Output Level 1 


OLVLI is transferred to port 2, bit 1 when a match 
occurs between the counter and the OCR1. If bit 0 of 
the TCSR2 (OE1) is set to “1”, OLVL1 will appear at 
bit 1 of port 2. 

Bit! IEDG Input Edge 

This bit determines which edge, rising or falling, of 
input signal of port 2, bit O will trigger data transfer 
from the counter. to the ICR. For this function, the 
DDR corresponding to port 2, bit 0 should be cleared 
beforehand. 

IEDG=0, triggered on a falling edge 
(“High” to “Low’”’) 
IEDG=1, triggered on a rising edge 
(“Low”’ to “High’’) 
Bit2 ETO! Enable Timer Overflow Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
TOI interrupt is enabled. When cleared, the interrupt is 
inhibited. 

Bit3 EOCI1 Enable Output Compare Interrupt 1 

When this bit is set, an internal interrupt (IRQ3) by 
OCI! interrupt is enabled. When cleared, the interrupt 
is inhibited. 

Bit4 EICI Enable Input Capture Interrupt 

When this bit is set, an internal interrupt (IRQ3) by 
ICI interrupt is enabled. When cleared, the interrupt is 
inhibited. 

BitS TOF Timer Overflow Flag 

This read-only bit is set when the counter incre- 
ments from $FFFF by 1. Cleared when the counter’s 
upper byte ($0009) is ready by the CPU after the 
TCSRI1 read. 

Bit6 OCF1 Output Compare Flag 1 

This read-only bit is set when a match occurs be- 

tween the OCRI and the FRC. Cleared when writing 





to the OCR1 ($000B or $000C) after the TCSRI or 
TCSR2 read. 
Bit7 ICF Input Capture Flag 

This read-only bit is set when an input signal of 
port 2, bit 0 makes a transition as defined by IEDG and 
the FRC is transferred to the ICR. Cleared when reading 
the upper byte ($000D) of the ICR following the 
TCSR1 or TCSR2 read. 


® Timer Control/Status Register 2 (TCSR2) ($O00F) 

The timer control/status register 2 is a 7-bit register. All bits 
are readable and the lower 4 bits are also writable. But the 
upper 3 bits are read-only which indicate the following | timer 
status. 

Bit5 A match has occured between the FRC and the OCR2 
(OCF2). 

Bit 6 The.same status flag as the OCF1 flag of the TCSR1, 
bit 6. 

Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7. 

The followings are the each bit descriptions. 


Timer Control/Status Register 2 


7 6 5 4 3 2 1 


BitO OE1 Output Enable 1 
This bit enables the OLVL1 to appear at port 2, bit 
1 when a match has occurred between the counter and 
the output compare register 1. When this bit is cleared, 
bit 1 of port 2 will be an I/O port. When set, it will be 
an output of OLVLI automatically. 
Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 
5 when a match has occurred between the counter and 
the output compare register 2. When this bit is cleared, 
port 2, bit 5 will be an I/O port. When set, it will be an 
output of OLVL2 automatically. 
Bit2 OLVL2 Output Level 2 
OLVL2 is transferred to port 2, bit 5 when a match 
has occurred between the counter and the OCR2. If 
bit 5 of the TCSR2 (OE2) is set to “1”, OLVL2 will 
appear at port 2, bit 5. 
Bit3 EOCI2 Enable Output Compare Interrupt 2 
When this bit is set, an internal interrupt (IRQs) by 
OCI2 interrupt is enabled. When cleared, the interrupt : 
is inhibited. 
Bit 4 Not Used 
BitS OCF2 Output Compare Flag 2 
This read-only bit is set when a match has occurred 
between the counter and the OCR2. Cleared when 
writing to the OCR2 ($0019 or $001A) after the TCSR2 


ce) 





OE1 | $OOOF 





read. 
Bit6 OCF1 Output Compare Flag 1 
Bit7 ICF Input Capture Flag 


OCF1 and ICF addresses are partially decoded. 
The CPU read of the TCSR1/TCSR2 makes it possible 
' to read OCF1 and ICF into bit 6 and bit 7. 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE] or OE2 is set to “1” before the first output 
compare match occurs after reset restart, bit 1 or bit 5 
of port 2 will produce “0” respectively. | 
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Figure 18 Timer 1 Block Diagram 


@ TIMER 2 
In addition to the timer 1, the HD6303X provides an 8-bit 
reloadable timer, which is capable of counting the external 
event. This timer 2 contains a timer output, so the MPU can 
generate three independent waveforms (refer to Fig. 19). 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bit) 
8-bit Up Counter 
Time Constant Register (8 bit) 


© Timer 2 Up Counter (T2CNT) ($001D) 

This is an 8-bit up counter which operates with the clock 
decided by CKSO and CKS1 of the TCSR3. The CPU can read 
the value of the counter without affecting the counter. In ad- 
dition, any value can be written to the counter by software 
even during counting. 

The counter is cleared when a match occurs between the 
counter and the TCONR or during reset. 

If a write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the 
write data to the counter. 


@ Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. It 
is always compared with the counter. 

When a match has occurred, counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 
selected by TOSO and TOS! of the TCSR3 will appear at port 2, 
bit 6. When CMF is set, the counter will be cleared simultane- 
ously and then start counting from $00. This enables regular 
interrupts and waveform outputs without any software support. 
The TCONR is set to “$FF” during reset. 


@ Timer Control/Status Register 3 (TCSR3) ($001B) 

The timer control/status register 3 is a 7-bit register. All bits 
are readable and 6 bits except for CMF can be written. 

The followings are each pin descriptions. 


Timer Control/Status Register 3 


7 6 5 4 3 2 1 0 
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Bit 0 
Bit 1 


Table 4 Input Clock Select 50% duty to the external without any software support. 
CKS1 Input Clock to the Counter Bit4 T2E Timer 2 Enable Bit | 
| When this bit is cleared, a clock input to the up 
: er eae! ot ; counter is prohibited and the up counter stops. When set 
a E clock/8 to “1”, a clock selected by CKS1 and CKSO (Table 4) 
1 a ee E clock/128" is input to the up counter. 
1 — eS External clock (Note) P,, outputs “0” when T2E bit cleared and timer 2 set 
is | | in output enable condition by TOS1 or TOSO. It also 
* These clocks come from the FRC of the timer 1. If one of these clocks outputs “0” when T2E bit set “1” and timer 2 set in 
is selected as an input clock to the up counter, the CPU should not output enable condition before the first counter match 
write to the FRC of the timer 1. Scare: 
Bit2 TOSO Timer Output Select 0 Bit5 Not Used 
Bit3 TOS1 Timer Output Select 1 Bit6 ECMI Enable Counter Match Interrupt . 
When a match occurs between the counter and the When this bit is set. an internal interrupt (IRQs) by 
TCONR timer 2 outputs shown in Table 5 will appear at CMI. is enabled. When cleared, the interrupt is inhibited. 
port 2, bit 6 depending on these two bits. When both Bit 7 CMF Counter Match Flag . 
TOSO and TOS! are “0”, bit 6 of port 2 will be an I/O This read-only bit is set when a match occurs between 
port. the up counter and the TCONR. Cleared by writing 
“0” by software write (unable to write “1” by soft- 
ware). 
Each bit of the TCSR3 is cleared during reset. 
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Figure 19 Timer 2 Block Diagram 


IRQ3 
CKSO Input Clock Select 0 
CKS1 Input Clock Select 1 


Input clock to the counter is selected as shown in 
Table 4 depending on these two bits. When an external 
clock is selected, bit 7 of port 2 will be a clock input 
automatically. Timer 2 detects the rising edge of the 
external clock and increments the counter. The external 
clock is countable up to half the frequency of the 
system clock. 


0 
0 
1 
1 


* When 


Table 5 Timer 2 Output Select 


Timer Output 
Timer Output Inhibited 
Toggle Output* 
Output “0” 
Output “1° 


a match occurs between the counter and the TCONR, timer 2 


output level is reversed. This leads to production of a square wave with 
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® SERIAL COMMUNICATION INTERFACE (SCI) 

The HD6303X SCI contains two operation modes; one is an 
asynchronous mode by the NRZ format and the other is a 
clocked synchronous mode which transfers data synchronizing 
with the serial clock. 

The SCI consists of the following registers as shown in 
Fig. 20 Block Diagram: 


- Control/Status Register (TRCSR) 

* Rate/Mode Control Register (RMCR) 

* Receive Data Register (RDR) 

* Receive Data Shift Register (RDSR) 

* Transmit Data Register (TDR) 

* Transmit Data Shift Register (TDSR) 

The serial I/O hardware requires an initialization by software 
for operation. The procedure is usually as follows: 

1) Write a desirable operation mode into each correspond- 

ing control bit of the RMCR. 

2) Write a desirable operation mode into each correspond- 

ing control bit of the TRCSR. 

When using bit 3 and 4 of port 2 for serial I/O only, there is 
no problem even if TE and RE bit are set. But when setting the 
baud rate and operation mode, TE and RE should be ‘‘0”’. When 
clearing TE and RE bit and setting them again, more than | bit 
cycle of the current baud rate is necessary. If set in less than 1 
bit cycle, there may be a case that the internal transmit/receive 
initialization fails. 


@ Asynchronous Mode 

An asynchronous mode contains the following two data 
formats: 

1 Start Bit + 8 Bit Data + 1 Stop Bit 
1 Start Bit + 9 Bit Data + 1 Stop Bit 

In addition, if the 9th bit is set to “tl”? when making 9 

bit data format, the format of 
1 Start bit + 8 Bit Data + 2 Stop Bit 
is also transferred. 

Data transmission is enabled by setting TE bit of the TRCSR, 
then port 2, bit 4 will become a serial output independently of 
the corresponding DDR. 

For data transmit, both the RMCR and TRCSR should be 
set under the desirable operating conditions. When TE bit is 
set during this process, 10 bit preamble will be sent in 8-bit data 
format and 11 bit in 9-bit data format. When the preamble is 
produced, the internal synchronization will become stable and 
the transmitter is ready to act. 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive 1’s are 

produced to indicate the idle state. 


HD6303X 


2) If the TDR contains data (TDRE=0), data is sent to the 

transmit data shift register and data transmit starts. 

During data transmit, a start bit of ‘O” is transmitted first. 
Then 8-bit or 9-bit data (starts from bit 0) andastop bit “1” 
are transmitted. 

When the TDR is “empty”, hardware sets TDRE flag bit. If 
the CPU doesn’t respond to the flag in proper timing (the TDRE 
is in set condition till the next normal data transfer starts from 
the transmit data register to the transmit sift register), “1” is 
transferred instead of the start bit “0” and continues to be 
transferred till data is provided to the data register. While the 
TDRE is “1”, “0” is not transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 be a serial input. The operation mode of data receive is 
decided by the contents of the TRCSR and RMCR. The first 
“0” (space) synchronizes the receive bit flow. Each bit of the 
following data will be strobed in the middle. If a stop bit is not 
“1”, a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to 
the receive data register and the CPU can read error-generating 
data. This makes it possible to detect a line break. 


If the stop bit is “1”, data is transferred to the receive data 
register and an interrupt flag RDRF is set. If RDRF is still 
set when receiving the stop bit of the next data, ORFE is set to 
indicate overrun generation. 

When the CPU read the receive data register as a response to 
RDRF flag or ORFE flag after having read TRCS, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 
If CC1 : CCO = 10, the internal bit rate clock is provided 
at P,. regardless of the values for TE or RE. Maximum 
clock rate is E+ 16. 
If both CC1 and CCO are set, an external TTL compati- 
ble clock must be connected to P,. at sixteen times 
(16x) the desired bit rate, but not greater than E. 


@ Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is 
synchronized with the clock pulse. The HD6303X SCI 
provides functionally independent transmitter and receiver 
which makes full duplex operation possible in the asynchronous 
mode. But in the clocked synchronous mode an SCI clock I/O 
pin is only P.., so the simultaneous receive and transmit 
operation is not available. In this mode, TE and RE should 
not be in set condition (“‘1’’) simultaneously. Fig. 21 gives a 
synchronous clock and a data format in the clocked synchro- 
nous mode. 
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Figure 20 Serial Communication Interface Block Diagram 


Data transmit is realized by setting TE bit in the TRCSR. 
Port 2, bit 4 becomes an output unconditionally independent 
of the value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirable 
operating condition for data transmit. 

When an external clock input is selected, data transmit is 


{<7 Transmit Direction 


clock 


performed under the TDRE flag “0” from port 2, bit 4, syn- 
chronizing with 8 clock pulses input from external to port 2, 
bit 2. | 

Data is transmitted from bit 0 and the TDRE is set when the 
transmit data shift register is “empty”. More than 9th clock 
pulse of external are ignored. 


Synchronous LFLFLI LILY LIU 


Data 





Not Valid 


. Transmit data is output from a falling edge of a synchronous clock to the next falling edge. 


¢ Receive data is latched at the rising edge. 


Figure 21 


When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag 
clear. 

Data receive is enabled by setting RE bit. Port 2, bit 3 will 
be a serial input. The operating mode of data receive is decided 
by the TRCSR and the RMCR. 

If the external clock input is selected, RE bit should be 
set when P22 is “High”. Then 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 
and bit 3 respectively. The MPU put receive data into the 
receive data shift register by this clock and set the RDRF 
flag at the termination of 8 bit data receive. More than 9th 
clock pulse of external input are ignored. When RDRF is 
cleared by reading the receive data register, the MPU starts 





Clocked Synchronous Mode Format 


receiving the next data. So RDRF should be cleared with P,. 
“High” 

When data receive is selected to the clock output, 8 synchro- 
nous clocks are output to the external by setting RE bit. So re- 
ceive data should be input from external, synchronously with 
this clock. When the first byte data is received, the RDRF flag 
is set. After the second byte, receive operation is performed and 
output the synchronous clock to the external by clearing the 
RDRF bit. 


© Transmit/Receive Control Status Register (TRCSR) ($0011) 

The TRCSR is composed of 8 bits which are all readable. Bits 
0 to 4 are also writable. This register is initialized to $20 during 
reset. Each bit functions as follows. 
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Transmit/Receive Control Status Register 


7 6 5 4 3 2 1 0 
poroeon| me [x Je] Joo} 
BitO WU Wake-up 

In a typical multi-processor configuration, the 
software protocol provides the destination address at 
the first byte of the message. In order to make un- 
interested MPU ignore the remaining message, a wake-up 
function is available. By this, uninterested MPU can in- 
hibit all further receive processing till the next message 
Starts. 

Then wake-up function is triggered by consecutive 
l’s with 1 frame length (10 bits for 8-bit data, 11 for 
9-bit). The software protocol should provide the idle 
time between messages. 

By setting this bit, the MPU stops data receive till the 
next message. The receive of consecutive “1” with one 
frame length wakes up and clears this bit and then the 
MPU restarts receive operation. However, the RE flag 
should be already set before setting this bit. In the 
clocked synchronous mode WU is not available, so this 
bit should not be set. 

Bit1 TE Transmit Enable 

When this bit is set, transmit data will appear at port 
2, bit 4 after one frame preamble in asynchronous mode, 
while in clocked synchronous mode it appears im- 
mediately. This is executed regardless of the value of 
the corresponding DDR. When TE is cleared, the serial 
I/O doesn’t affect port 2, bit 4. 

Bit2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQs) is 
enabled when TDRE (bit 5) is set. When cleared, the 
interrupt is inhibited. 

Bit3 RE Receive Enable 

When set, a signal is input to the receiver from port 
2, bit 3 regardless of the value of the DDR. When RE 
is cleared, the serial I/O doesn’t affect port 2, bit 3. 

Bit4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt, IRQ3 is 
enabled when RDRF (bit 7) or ORFE (bit 6) is set. 
When cleared, the interrupt is inhibited. 

BitS TORE Transmit Data Register Empty 

TDRE is set when the TDR is transferred to the 
transmit data shift register in the asynchronous mode, 
while in clocked synchronous mode when the TDSR is 
“empty”. This bit is reset by reading the TRCSR and 
writing new transmit data to the transmit data register. 
TDRE is set to “1” during reset. 

(Note) TDRE should be cleared in the transmittable state after 
the TE set. 
Bit6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a fram- 
ing error is generated (during data receive only). An 
overrun error occurs when new receive data is ready to 
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be transferred to the RDR during RDRF still being set. 
A framing error occurs when a stop bit is “0”. But in 
clocked synchronous mode, this bit is not affected. This 
bit is cleared when reading the TRCSR, then the RDR, 
or during reset. 

Bit7 RDORF Receive Data Register Full 

RDRF is set by hardware when the RDSR is transfer- 
red to the RDR. Cleared when reading the TRCSR, then 
the RDR, or during reset. 

(Note) When a few bits are set between bit 5 to bit 7 in the 
TRCSR, a read of the TRCSR is sufficient for clearing 
those bits. It is not necessary to read the TRCSR every- 
time to clear each bit. 


@ Transmit Rate/Mode Control Register (RMCR) 
The RMCR controls the following serial I/O: 


* Baud Rate 
* Clock Source 


* Data Format 
* Port 2, Bit 2 Function 


In addition, if 9-bit data format is set in the asynchronous 
mode, the 9th bit is put in this register. All bits are readable and 
writable except bit 7 (read only). This register is set to $00 
during reset. 


Transfer Rate/Mode Control Register 


7 6 5 4 3 2 1 0 


Bit 0 SSO 
Bit 1 SS1 Speed Select 
Bit 5 SS2 


These bits control the baud rate used for the SCI. Table 
6 lists the available baud rates. The timer 1 FRC (SS2=0) and 
the timer 2 up counter (SS2=1) provide the internal clock to the 
SCI. When selecting the timer 2 as a baud rate source, it func- 
tions as a baud rate generator. The timer 2 generates the baud 
rate listed in Table 7 depending on the value of the TCONR. 
(Note) When operating the SCI with internal clock, do not 
perform write operation to the timer/counter which is 
the clock source of the SCI. 


Bit 2 CCO 
Bit 3 CCl Clock Control/Format Select* 
Bit 4 CC2 


These bits control the data format and the clock source 
(refer to Table 8). 

* CCO, CC1 and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external 
clock operation. Then the MPU sets port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an 
output port, the DDR of port 2 should be set to “‘1”’ and 
CC1 and CCO to “0” and “1” respectively. 
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Table 6 SCi Bit Times and Transfer Rates 


(1) Asynchronous Mode 



















4.9152MHz 
1.2288MHz 


_2as7eMe «OM 


SS2_SS1 SSO| 













‘@) O 0 26 us/38400Baud 16 s/62500Baud 13 us/76800Baud 
re) 0 1 208 us/4800Baud 128s/7812.5Baud 104.2 us/9600Baud 
0 1 0 1.67ms/600Baud 1.024ms/976.6Baud | 833.3us/1200Baud 
0 1 1 6.67ms/150Baud 4.096ms/244. 1 Baud 3.333ms/300Baud 
1 _ — — * * * 


* When SS2 is ‘“‘1”’, Timer 2 provides SCI clocks. The baud rate is shown as follows with the TCONR as N. 


: f f : input clock frequency to the 
Baud Rate = 32 (N+1) timer 2 counter 
N=0~ 255 


(2) Clocked Synchronous Mode * 










1.33us/bit 










1 us/bit 













Ce) 16yuS/bit 10.748 /bit 8us/bit 
Oo. 1 128uS/bit 85.3uS/bit 64us/bit 
oO 1 512us/bit 341 us/bit 256us/bit 

1 —_ * * * * 


x * 


* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1/2 system clock. 


** The bit rate is shown as follows with the TCONR as N. 


Bit Rate (us/bit) = 4¢N#1) —_/T input clock frequency to the 
N=0~ 255 


Table 7 Baud Rate and Time Constant Register Example 


4.9152MHz | 


2.4576MHz | 3.6864MHz 








Baud Rate (Baud 

110 

51° 
207 
103 


* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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Table 8 SCI Format and Clock Source Control 


cc2 cCi CGO | Format | Mode | Glock Source [Pon 2,.8n2 | Pon2ena | Pond,Bn4 











= tl oe hl C/O —AaOCMD lO 


~ =—=@ © OO = = © 
= © - ©O--/ 0 -— 


* Clock output regardless of the TRCSR, bit RE and TE. 


** Not used for the SCI. 


Bit6é TD8 Transmit Data Bit 8 
When selecting 9-bit data format in the asynchron- 
ous mode, this bit is transmitted as the 9th data. In 
transmitting 9-bit data, write the 9th data into this bit 
then write data to the receive data register. 
Bit7 RD8 Receive Data Bit 8 
When selecting 9-bit data format in the asynchronous 
mode, this bit stores the 9th bit data. In receiving 9-bit 
data, read this bit then the receive data register. 


# TIMER, SCI STATUS FLAG 


0 0 8-bit data 
8-bit data 
8-bit data 
8-bit data 
8-bit data 
9-bit data 
9-bit data 
9-bit data 


Clocked Synchronous 





Asynchronous 
Asynchronous 
Asynchronous 





Clocked Synchronous 





Asynchronous 
Asynchronous 
Asynchronous 


External Input 







Internal 
Internal Output* 
External Input 





Internal Output 






Internal 





Internal 





External Input 










Not Used** 


Not Used** 
Output* 


When the TRCSR, RE bit is ‘’1"’, 
bit 3 is used as a serial input. 


When the TRCSR, TE bit is ‘’1”, 
bit 4 is used as a serial output. 


flag in the timer 1, timer 2 and SCI. 


As for Timer 1 and Timer 2 status flag, if the set and reset 
condition occur simultaneously, the set condition is prior to 
the reset condition. But in case of SCI control status flag, 


the reset condition has priority. Especially as for OCF1 and 


OCF2 of Timer 


1, the set signal is generated periodically when- 


ever FRC matches OCR after the set, and which can cause the 
unclear of the flag. To clear surely, the method is necessary to 


avoid the occurence of the set signal between TCSR Read and 
OCR write. For example, match the OCR value to FRC first, 
and next read TCSR, and then write OCR at once. 


Table 9 shows the set and reset conditions of each status 








OCF 1 OCR 1=FRC 1. 
Timer cd 


1 OCF2 OCR2=FRC 1. 
FRC=$FFFF+1 cycle | 
Timer T2CNT=TCONR 
2 
| RDRF Receive Shift Register > ROR 


Framing Error (Asynchronous Mode) 





| oRFE | 1. 
| es 


(Note) 1. >; transfer 


2. For example; “ICRH’’ means High byte of ICR. 


Overrun Error (Asynchronous Mode) 
Receive Shift Register > RDR when 








Asynchronous Mode 
TDR ~> Transmit Shift Register 
Clocked Synchronous Mode 

Transmit Shift Register is “empty”’ 






i se lee a ee ae tee 
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Table 9 Timer 1, Timer 2 and SCI Status Flag 


FRC ~ ICR by edge input to Pp. 


Reset Condition 


Read the TCSR1 or TCSR2 then ICRH, 
when ICF =1 


RES=0 | 
Read the TCSR1 or TCSR2 then write to the 
OCR1H or OCRIL, when OCF1=1 

RES=0 
Read the TCSR2 then write to the OCR2H or 
OCR2L, when OCF2= 

RES=0 , 

Read the TCSR1 then FRCH, when TOF =1 
RES=0 = 

Write ‘’0"’ to CMF, when CMF =1 

RES=0 

Read the TRCSR then RDR, when RORF =1 
RES=0__. eves 

Read the TRCSR then RDR, when ORFE=1 
RES=0 


Read the TRCSR then write to the TDR, 
when TDORE=1 


(Note) TDRE should be reset after the TE set. 
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# LOW POWER DISSIPATION MODE 
The HD6303X provides two low power dissipation modes; 
sleep and standby. 


@ Sleep Mode 

The MPU goes to the sleep mode by SLP instruction execu- 
tion. In the sleep mode, the CPU stops its operation, while the 
registers’ contents are retained. In this mode, the peripherals 
except the CPU such as timers, SCI etc. continue their func- 
tions. The power dissipation of sleep-condition is one fifth that 
of operating condition. a 

The MPU returns from this mode by an interrupt, RES or 
STBY; it goes to the reset state by RES and the standby mode 
by STBY. When the CPU acknowledges an interrupt request, it 
cancels the sleep mode, returns to the operation mode and 
branches to the interrupt routine. When the CPU masks this 
interrupt, it cancels the sleep mode and executes the next 
instruction. However, for example if the timer 1 or 2 prohibits 
a timer interrupt, the CPU doesn’t cancel the sleep mode be- 
cause of no interrupt request. 

This sleep mode is effective to reduce the power dissipation 





H0D6303X 


| 
| 





@ STBY , i 
| 
| 





for a system with no need of the HD6303X’s consecutive 
operation. 


© Standby Mode 

The HD6303X stops all the clocks and goes to the reset 
state with STBY “Low’”’. In this mode, the power dissipation is 
reduced conspicuously. All pins except for the power supply, 
the STBY and XTAL are detached from the MPU internally 
and go to the high impedance state. 

In this mode the power is supplied to the HD6303X, so 
the contents of RAM is retained. The MPU returms from this 
mode during reset. The followings are typical usage of this 
mode. 

Save the CPU information and SP contents on RAM by NMI. 
Then disable the RAME bit of the RAM control register and set 
the STBY PWR bit to go to the standby mode. If the STBY 
PWR bit is still set at reset start, that indicates the power is 
supplied to the MPU and RAM contents are retained properly. 
So system can restore itself by returning their pre-standby infor- 
mations to the SP and the CPU. Fig. 22 depicts the timing ‘at 
each pin with this example. 


a | 
| 
| 
® RES : 
STey ——a 


<—> 
© Save registers o Oscillator 
© RAM/Port 5 Control Start Time 
Register Set 
Restart 


Figure 22 Standby Mode Timing 


® TRAP FUNCTION 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruc- 
tion from non-memory space. The TRAP prevents the system- 
burst caused by noise or a program error. 


@ Op Code Error 

When fetching an undefined op code, the CPU saves CPU 
registers as well as a normal interrupt and branches to the TRAP 
(SFFEE, $FFEF). This has the priority next to reset. 


@ Address Error 
When an instruction fetch is made from internal register 


($0000~SOOIF), the MPU gencrates an interrupt as well as an 
op code error. But on the system with no memory in its ex- 
ternal memory area, this function is not applicable if an in- 
struction fetch is made from the external non-memory area. 


This function is available only for an instruction fetch and 
is not applicable to the access of normal data read/write. 

(Note) The TRAP interrupt provides a retry function different- 
ly from other interrupts. This is a program flow return 
to the address where the TRAP occurs when a sequence 
returns to a main routine from the TRAP interrupt 
routine by RTI. The retry can prevent the system burst 
caused by noise etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is 
necessary in programming. 


® INSTRUCTION SET 

The HD6303X provides object code upward compatible 
with the HD6801 to utilize all instruction’ set of the 
HMCS6800. It also reduces the execution times of key instruc- 
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tions for throughput improvement. 
Bit manipulation instruction, change instruction of the 
index register and accumulator and sleep instruction are also 
added. 
The followings are explained here. 
- CPU Programming Model (refer to Fig. 23) 
* Addressing Mode 
- Accumulator and Memory Manipulation Instruction 
(refer to Table 10) 

* New Instruction 

* Index Register and Stack Manipulation Instruction 
(refer to Table 11) 

¢ Jump and Branch Instruction (refer to Table 12) 

* Condition Code Register Manipulation 
(refer to Table 13) 

¢ Op Code Map (refer to Table 14) 


@ Programming Model 

Fig. 23 depicts the HD6303X programming model. The 
double accumulator D ‘consists of accumulator A and B, so 
when using the accumulator D, the contents of A and B are 
destroyed. 


8.81 Accumulators A and B 






Oo] Or 16-B:t Oouble Accumulator O 


index Register (x) 


Program Counter (PC) 


7 (°] 
goog 08g0G Condition Code Register (CCR) 
} Carry /Borrow from MSB 
Over flow 
Zero 
Negative 
Interrupt 
Hall Carry (From Bit 3) 






Figure 23 CPU Programming Model 


@ CPU Addressing Mode 

The HD6303X provides 7 addressing modes. The addressing 
- mode is decided by an instruction type and code. Table 10 
through 14 show addressing modes of each instruction with 
the execution times counted by the machine cycle. 

When the clock frequency is 4 MHz, the machine cycle time 
becomes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or 
B is selected. This is a one-byte instruction. 
immediate Addressing 

This addressing locates a data in the second byte of an 
instruction. However, LDS and LDX locate a data in the second 
and third byte exceptionally. This addressing is a 2 or 3-byte 
instruction. 
Direct Addressing 


HD6303X 


In this addressing mode, the second byte of an instruc- 
tion shows the address where a data is stored. 256 bytes ($0 
through $255) can be addressed directly. Execution times 
can be reduced by storing data in this area so it is recommended 
to make it RAM for users’ data area in configurating a system. 
This is a 2-byte instruction, while 3-byte with regard to AIM, 
OIM, EIM and TIM. 

Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the 
data stored address and the third byte the lower 8 bit. This 
indicates the absolute address of 3-byte instruction in the 
memory. 

Indexed Addressing 

The second byte of an instruction and the lower 8 bit of the 
index register are added in this mode. As for AIM, OIM, EIM 
and TIM, the third byte of an instruction and the lower 8 bits 
of the index register are added. 

This carry is added to the upper 8 bit of the index register 
and the result is used for addressing the memory. The modified 
address is retained in the temporary address register, so the con- 
tents of the index register doesn’t change. This is a 2-byte 
instruction except AIM, OIM, EIM and TIM (3-byte instruc- 
tion). 

Implied Addressing 

An instruction itself specifies the address. That is, the 
instruction addresses a stack pointer, index register etc. This is a 
one-byte instruction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of 
the program counter are added. The carry or borrow is added to 
the upper 8 bit. So addressing from -126 to +129 byte of the 
current instruction is enabled. This is a 2-byte instruction. 
(Note) CLI, SEI Instructions and Interrupt Operation 

When accepting the IRQ at a preset timing with CLI 
and SEI instructions, more than 2 cycles are neces- 
sary between the CLI and SEI instructions. For example, 
the following program (a) (b) don’t accept the IRQ but 


(c) accepts it. 
‘ : CLI 
CLI CLI NOP 
SEI NOP NOP 
SEI SEI 
(a) (b) (c) 


The same thing can be said to the TAP instruction 
instead of the CLI and SEI instructions. 
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Table 10 Accumulator, Memory Manipulation Instructions 


Condition Code 





Addressing Modes 


o| o - eleolelelalxicimiw| + jnlw(oi@i@l@| @ jelelelelelelejelele| o Gie je je je |e |e |e jo jos jor [or joo 
[-] > | eo] [fafa lela la lelal~|~| ~ la lela lolelo| - jolele@la |x /@jo@l@lcja| « Je la |x |e jolelelejejejeje/e| 
es] on | ~[=[~[+|+[-[+[a lolol -[~[- [-]-[~[-[-[~[ ~~ [|] ~[ [-[~[-[~[-]~] + Le [+ fo fo Lo fo fo fo fo |e Je | | | 
lo | 2 | | Pesos [oo [oo fer for [ec foo [ [om [off [m [al om [oe [oe [oo [oe [oo [oe [os [oo [lon] we Le [ [+ Jo fo fo [0 [om [or low [or [oe fo | 
je} = | Fefelelelelelelelelelele| o lololelolele| o jelelelelelelelelele| o ole lo le loleololele le joie le 
wo] = ~[=[~[o[elelelelelelele]  [ololelelele] o [eleleolelelelejeleoleo| o ole lo lolojejelele le [ojo lo| 


07 


c 
ee 


¢ 
2 
s 
i 
Y 
£ 
aw 
‘Ss 
< 


-1—-M 

-1~-A 

-1-8 

@M-A 

+1—-M 
A+t1t—-~-A 

xB~-A:B 

*M-A 

+M- 8 

— Msp, SP - 1-+ SP 
8B -- Msp, SP - 1 -— SP 


MA 
M>B 
@ M~ 


S|</o = 
ti t]t t 
=|</o om |=|<|a/s/<)o@ 
titit i itititdotira 
<|o 3 (81S < |S fc lo |8/ 8/8 = |</o/<jo/s 


3 
- i oe ) J +s . 

a <\o 

FA t| 1 pase 

. < s|s qt i/< in [¢ Z<o(%<o 

AES | tt tt epee -| | T f-f-[ Ty fey fT -fefefef [ele fede 
at TPT TT l-felT TT feleq [-f-fe tT T-T-T TT efef Tet t etelelet felel [ele 
ae TT et TTT TT elt fet fefal fetl et dtst | t fetal | fel | pielsial feiss 


9 fete pateterste are fet fet | tefl TT lef [ fefelel [ lolefe[ [ele [tt fe} [ fel TO 
S[ felefol Telelelelelefol | lelel fel | tel [Tol T [elefel T felt e [felt TT fet fol 
ffs lalele| [alelsiz|sfele| | [sfc] lel [fel | [is] | [steel | [siel el Isisi || | lel fe | 
Pa folafet [alalafefefelet | fete left tof [ef Ialalet [ tafefe felt TTT tet [ol 
re felefol TefefefelelefelT felef felt fel TT fel T felelel tT tefefo Tite TTT fel felt 
8 [ele[s| fejelststeels| | fest [el | fel [| fs] | felsfe] | eel] [sis] || | [el | sl 
. Pe falelel lalalalalalel [T lafel [TP TTT TP Pty Tafel TT Tafel aT [eff TT TT PT ttt | 
Br felelel folelolollel TT tole TTT TT TT fell TT Toff eT Tele PETE TTT 


«x 

a| 8 [alalal [alals(afsia] || last | TT TT TT TT delat [| deli e | isis] | TTT tT tI 
Pafelafeltefafafelelel ft tele! [Pt Pty Ty Islet TT ofefo Ttolet TT TTT 
Ce elalelfefetafetelel Tt telel PPP Py ele TT Tafel Titel TT TT 


0}; @ vz : 
rs falslal felelstsielel [| fals] [TTT TT TTT felel {| felis] (sisi (TTT TT 


e . 


B+M+C-B HORREE 
Converts binary add of BCD 

characters into BCD format 

M+1-B,M-~A 

SP +1~- SP. Msp—- A 

SP +1-- SP, Msp ~ B 


B+1-868 


ya PAM AG oe tat 
| { fe+m~e i tiedti tists 
L | [Are + Mi Mera: B [ele le|s [alt 

| jarmecra  [tielsisies 


ADDA 
ADO0B 
ADDO 
ABA 
AOC8 
ANDB 
BITA 
BIT B 
CLR 
CLRA 
CLRAB 
CMPB 
CBA 
COM 
DECB 
EORB 
LOAA 
LOAB 


L000 
MUL 
ORAA 
ORAB 
ROLA 
| Rove 
RORA 


Operations 
Add 
Add Double 
Add Accumulators 
Add With Carry 
ANDO 
Bit Test 
Clear 
Compare 
Compare 
Accumulators 
Compiement, 1's 
Complement, 2 
(Negate) 
Decimal Adjust. A 
Oecrement 
Exclusive OR 
increment 
Load 
Accumulator 
Load Double 
Accumulator 
Multiply Unsigned 
OR, Inciusive 
Push Data 
Pull Data 
Rotate Left 
Rotate Right 


(continued) 


(Note) Condition Code Register will be explained in Note of Table 13 
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Operations 


Shift Left 
Arithmetic 


Double Shift 
Left, Arithmetic 


Shift Right 
Arithmetic 


Shift Right 
Logical 


Double Shift 
Right Logical 


Store 
Accumulator 
Store Double _ 
_Accumulator 
Subtract 


Double Subtract 


Subtract 
Accumulators 


Subtract 
With Carry 





‘Transfer 
Accumulators 


Test Zero or 
Minus 


And immediate 
OR Immediate 

BOR Immediate _ 
“Test Immediate 





Table 10 Accumulator, Memory Manipulation Instructions 











Addresti Condition Code 
ressing Modes Register 
mem fo fae ans. eaziae 
Jor |~|« Jor |~ | [or |~ |e Jor |~|«|or|~|« n|z [vc 
| ase | | ct | | | fos [6|2 [7a ie [3] | fe #1 # (©? 
ASUS Nee es ae a eee Lil Lees 8:18 (81) 3 
pace | TT, TTT TTT fe [et [t Ol? 
paso FTE TT EE BOORCr 
| ase | | | | | CI [er [6 |2 |77 [eo | BORBOE 
| asa tT Tt tT TTT TT jo le [+ [+ Ol 
Pe ORO Ne le ea ee aie je je [312 
| use | | | | [| Jes [6 [2 [74 [6 | OOOHG 
pusra | | Tt] TT je |e [R/¢ (©) 
| usps | | TT TT pV iye je [eo [RIO 
pm TE aves ole |: fos 
[staan | fez [3 [2 [a7 4 [2 [er [a ae jeje ls {s [Al 
| stan | | | jo7[3 j2e7|4 fa ler isis} | | ye~ DOGRH 
| sto | | | fools |e feo}s | [rojs|s/ | | |e + fe |e ]# |e] ° 
~[_suaa [eo [2/2 [90/3 |2[ao[« [2 [aole|s| | | la ele is |e [s/s 
| sues [co [2/2 /o0/3 [2 [€0]4 [2 [Fo [4 | al ine fe fe (sis [t [ 
| suao_ [a3 ]3/3 jes [4 [2[aa[5 [2 es /s[3] | | a: COREE 
rm TTT ere ggggor 
| seca [82 [2 [2 [oz [3 [2 [a2[4 [2 [a2 [4 ae OOGRHE 
| seca  [c2 {2/2 |o2/3 [2 [ea [4 ]2 |F2 [4] al ee CCE 
NAR toy lec toh oh othe com je je iss [Rle 
eee a Fa Ca fo je |t [3 [Rle 
[rst | oT Tt TT [eof [2 J70 [a | BRE Renee EC araCl R 
|_rsra_ | TTT Ty ifvja-oo ie fe [eT [RA 
| sre | {| tt] TT Tt TT [sof fvfe-00 fe fe fa] [ar 
| AM | TT afelsfet7i(3] | TT TT [Mim ele [t |: [Rle 
| om | tt fr2fefafez(7 [st TT TT [M+imm-m fe le|z[t [ale 
| em | Tt i sielaies[7{37 | TT | | [Moimm—m eles |: [ale 
MERON eee OR RLIC 


(Note) Condition Code Register will be explained in Note of Table 13. 
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@ Additional Instruction 

In addition to the HD6801 instruction set, the HD6303X 
prepares the following new instructions. 
(M)-(IMM) > (M) 
Executes “AND” operation to immediate data and the 
memory contents and stores its result in the memory. 


(M) + (IMM) > (M) 
Executes “OR” operation to immediate data and the 
memory contents and stores its result in the memory. 


(M) @ (IMM) > (M) 
Executes “SEOR” operation to immediate data and the 
memory contents and stores its result in the memory. 


second 


eo «© © © © © © 


SLP 


Table 11 


Compare Index Reg 


XGDX 





(M) - (IMM) 


Executes “AND” operation to immediate data and 
changes the relative flag of the condition code register. 


These area 3-byte instructions; the first byte is op code, the 


immediate data and the third address modifier. 
(ACCD) <> (IX) 


Exchanges the contents of accumulator and the index 
register. 


Goes to the sleep mode. Refer to “LOW POWER DIS- 
SIPATION MODE” for more details of the sleep mode. 


Index Register, Stack Manipulation Instructions 


Addressing Modes 
Pointer Operations TiMMED. | DIRECT anes tex ae ee 


Boolean/ 


Arithmetic Operation 





rome lsis eles efelsfeela|s| || mmr felet tes ' 


Decrement Index Reg —_aee ee ee Ce eee CE 
Decrement Stack Pntr Sie Sa ec ec sel iene ool : 
increment Index Res Pie ee ° 
increment Stack Pntr | | | [sufi {i [sp+t1—~sp fe ljeolelele| . 
Load index Reg amet eejels nels peal | women foe oer ° 
Load Stack Pntr LOS 3/9 [4/2 /a€/5{2/8E;5/3| | | [M~SPy, (m+1)~SP, [elel@? [Rie 
Store index Reg | stx | | | [orla[2 jer [saree {sia} | | [xw=M. x-men) [olei@]s [Re 
Store Stack Pow sts| | | [9 ]e]2|ar[s[2[er[s[a| | | |seu-Mish— i+ |ole [Olt [Ale 
index Reg = Suck Pow] tS | | 1] [1] 111 11 thie pooooc 
Stack Prev > index Rea] TSX | [TI TT] [11] | [so] [t [srei=x gogogc 
Add p Awx | pt [aati ft fo + x~x ROGGE 
Push Data 3C Xi ~.Mgp, SP - 1 SP e 
a ee 
Pull Data PULX SP + 1 SP, My, > Xy ® 
TTT Pe eee PT 
Exchange Peeox [PEP PEL TT eT eheb trace fefolelele| ° 


(Note) Condition Code Register will be explained in Note of Table 13. 
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Table 12 Jump, Branch Instructions 











Addressing Modes eae a 
Operstions [RELATIVE | oIREcT | INDEX [EXTEND |impLieo | Branch Test = 1 5/4] 32/4] 0 
| Lop] ~| # op] ~| # [op|~]# or |~ |#]or|~| # | FHT iN izivic 
Branch Always | BRA aotsi2; ttt te tt None toto le tele 
Branch Never EEE pt None io leolelele 
Branch If Carry Clear eee te ee =0 eter fete 
Branch If Carry Set a 
Branch f= Zero | BEQ. 27; 3/2) f | | | Pt tt ze efoto lelele 
Branch If > Zero fee ee oe ee eee OIG ° 
Branch If > Zero ee ee nL ne CCE ° 
Branch If Higher or pp a 4 ea tthe ° 
Branch If < Zero | of [ [ztiNn@vet | Z+(N [Z+(IN@V=1 viet 
Same one OF Fee —Reek 
Same 
Branch If < Zero — aa Vel fe je [e | ° 
Branch If Minus fe fe [e| ol 


Branch If Not Equai rca BAe 
Zero 
Branch If Overflow Ve eee 
Clear 


Branch If Overflow Set] 8VS | ett BE 
Branch it Pius Soe 0 oa ne ee CIC jeje 
. Branch To Subroutine BSR faojsiz/; [| | | | f | [ tt tf | fe [ele je | - al 
_2ump se me t-tastetetpotetraote tt to pacarereeae 
Jump To Subroutine fe jefe | fe [@ 


~ ) : i rs eS 
women fo TT a P 


- Return From Interrupt} RT! rea 


~ Return From 
Subrautine 


Software Interrupt — je |S [@ |e jeje | 
Wait for interrupt’ _ Ete ¢ |@je |e [ele 
__ peep RES A NS NO SA A COCO 


(Note) * WAI puts R/W high; Address Bus goes to FF FF; Data Bus goes to the three state. 
Candition Code Register will be explained in Note of Table 13. 





corner (9) TITER 
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Table 13 Condition Code Register Manipulation Instructions 





Condition Code Register 

= [= SS Se 

| Lop | ~ | + Hi iin izivic 

Clear Carry 2s ee 2 
Clear Interrupt Mask a ee es ee ee 
Clear Overfiow Pp tft tt Tove fe feo ela le 
Set Carry | sec fot tt | CCl eo fe leo leo ls 
Set Interrupt Mask Pp SEN PF Tt | tt fe Se fete le 
Set Overflow SEV pop taiji {Cty fe feof ls fe 
Accumulator A > CCR TAP | 06 | oF 
CCR = Accumulator A TPA 07 Ee ee eee ee CHD c 


CONDITION CODE SYMBOLS 


Half-carry from bit 3 to bit 4 
Interrupt mask 
Negative (sign bit) 


Overflow, 2’s complement 
Carry/Borrow from/to bit 7 


Set if true after test or clear 


LEGEND. 
OP Operation Code (Hexadecimal) H 
~ Number of MCU Cycles 1 
Msp Contents of memory location pointed to by Stack Pointer N 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus Vv 
~ Arithmetic Minus Cc 
© Boolean AND R_ Reset Always 
+ Boolean Inclusive OR: S Set Always 
© Boolean Exclusive OR 4 
M Complement of M e Not Affected 
> Transfer into 
QO . «Bit = Zero 
00 Byte = Zero 
(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
7) (BitV) Test: Result = 10000000? 
(2) (BitC) — Test: Result ¥ 00000000? 
G) (Bit C) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
(4) (Bit V) Test: Operand = 10000000 prior to execution? 
S (Bit V) Test: Operand = 01111111 prior to execution? 
‘6. (Bit V) Test: Set equal to N@ C = 1 after the execution of instructions 
TD (Bit N) Test: Result less than zero? (Bit 15=1) 
(8) (All Bit) Load Condition Code Register from Stack. 
@ (Bit t) Set when interrupt occurs. If previously set, a Non-Maskabie Interrupt is required to exit the wait state. 
(0) (All Bit) Set according to the contents of Accumulator A. 
@) (BitC) —_ Result of Multiplication Bit 7=12 (ACCB) 


Table 14 OP-Code Map 
ACCA or SP 





“UNDEFINED OP CODE 
* Only each instructions of AIM, OIM, EIM, TIM 
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® CPU OPERATION 
@ CPU Instruction Flow 

When operating, the CPU fetches an instruction from a 
memory and executes the required function. This sequence 
starts with RES cancel and repeats itself limitlessly if not 
affected by a special instruction or a control signal. SWI, RTI, 
WAI and SLP instructions change this operation, while NMI, 
IRQ,, IRQ,, IRQ;, HALT and STBY control it. Fig. 24 gives 
the CPU mode transition and Fig. 25 the CPU system flow 
chart. Table 15 shows CPU operating states and port states. 


@ Operation at Each Instruction Cycle 

Table 16 shows the operation at each instruction cycle. 
By the pipeline control of the HD6303X, MULT, PUL, DAA 
and XGDxX instructions etc. prefetch the next instruction. So 
attention is necessary to the counting of the instruction cycles 
because it is different from the usual one ------ op code fetch 
to the next instruction op code. 


Table 15 CPU Operation State and Port State 


"Port | Reset_[STBY"""| HALT | Sleep 
iad, a pee 
Port 2 | tT | Tt | Keep Keep Figure 24 CPU Operation Mode Transition 
Do ~ D; T 





Control 


H ; High, L;Llow, T ; High impedance 
* RD, WR, RW, LIR =H, BA=L 
** RD, WR, R/W=T, LIR, BA=H 
*** E pin goes to high impedance state. 
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VECTORING 











(Note) 1. The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 

_ condition. 


2. Refer to “FUNCTIONAL PIN DESCRIPTION” for more 
details of interrupts. 























} VECTORING | TORING 


| VECTORING | 


VECTORING § 






NM INTERRUPT: 
REQUEST FLAG 
CLEAR 






INTERRUPT REQUEST FLAGS 
CLEAR EXCEPT NMI 


Figure 25 HD6303X System Flow Chart 
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Table 16 Cycle-by-Cycle Operation 


nstructions a 


IMMEDIATE 












Op Code Address + 1 
Op Code Address + 2 


Operand Data 
Next Op Code 





Op Code Address + 1 
Op Code Address + 2 
Op Code Address +3 


Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 







































DIRECT 
ADC ADD Op Code Address + 1 Address of Operand (LSB) 
AND BIT Address of Operand Operand Data 
CMP EOR Op Code Address + 2 Next Op Code 
LDA ORA 
SBC SUB 
STA Op Code Address + 1 Destination Address 
a] Destination Address el a lhe Nee Accumulator Data 
Op Code Address +2 Next Op Code 
ADDD CPX Op Code Address + 1 0 Address of Operand (LSB) 
LOD LOS Address of Operand 0 Operand Data (MSB) 
LDX SUBD Address of Operand + 1 (@] Operand Data (LSB) 
Op Code Address + 2 0) Next Op Code 
STD STS Op Code Address + 1 Destination Address (LSB) 
STX Destination Address Register Data (MSB) 
Destination Address + 1 Register Data (LSB) 
Op Code Address+ 2 Next Op Code 
JSR Op Code Address + 1 Jump Address (LSB) 
Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer —1 Return Address (MSB) 
Jump Address First Subroutine Op Code 
TIM Op Code Address + 1 0 Immediate Data 
Op Code Address +2 0 Address of Operand (LSB) 
ou Address of Operand HERE Operand Data 
Op Code Address + 3 0 Next Op Code 
- AIM EIM Op Code Address + 1 O Immediate Data 
OIM Op Code Address + 2 O Address of Operand (LSB) 
Address of Operand 0 Operand Data 
FFFF 1 Restart Address (LSB) 
Address of Operand 1 New Operand Data 
Op Code Address+3 O Next Op Code 
; (Continued) 
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Address Mode & 


Instructions 


INDEXED. 
JMP 


ADC 
AND 
CMP 
LDA 
SBC 
TST 
STA 


ADDD 
CPX 
LOS 
SUBD 


STD 
STX 


JSR 


ASL 
COM 
INC 
NEG 
ROR 


TIM 


CLR 


AIM 
OIM 


ADD 
BIT 

EOR 
ORA 
SUB 


LOD 
LDX 


STS 


ASR 
DEC 
LSR 
ROL 





EIM 


Hitachi America Ltd. 
























Op Code Address + 1 
FFFF 

Jump Address 

Op Code Address + 1 
FFFF 

IX + Offset 

Op Code Address+ 2 


Op Code Address + 1 
FFFF 

IX + Offset 

Op Code Address+2 
Op Code Address+ 1 


IX + Offset 

IX + Offset+ 1 
Op Code Address+2 
Op Code Address + 1 


IX + Offset 
IX + Offset+1 

Op Code Address +2 
Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer —1 

IX + Offset 

Op Code Address + 1 
FFFF 

IX + Offset 


IX + Offset 
Op Code Address + 2 
Op Code Address + 1 
Op Code Address +2 


IX + Offset 
Op Code Address +3 
Op Code Address + 1 


IX + Offset 

IX + Offset 

Op Code Address + 2 
Op Code Address + 1 
Op Code Address +2 
FFFF 


| IX+Offset 


| FFFF 
IX + Offset 
Op Code Address +3 




































or-or-oQqoo-00;0--0-0 


— 


o-~-000 
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Offset 

Restart Address (LSB) . 
First Op Code of Jump Routine 
Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 


Offset 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 
Next Op Code 

Offset 

Restart Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 
Next Op Code 

Offset 

Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Offset 

Restart Address (LSB) 
Operand Data 
Restart Address (LSB) 
New Operand Data 
Next Op Code 
immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Next Op Code 

Offset 

Restart Address (LSB) 
Operand Data 

00 

Next Op Code 
Immediate Data 
Offset 

Restart Address (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 
Next Op Code 


(Continued) 


Address 
Ween 
EXTEND 
JMF Op Code Address + 
Pees Op Code Address + 2 

Jump Address 

ADC ADD TST Op Code A 

AND BIT Op Code Address+2 

CMP EOR Address of Operand 

LDA ORA Op Code Address +3 

_$BC SUB 

STA Op Code Address + 1 
Op Code Addiess +2 
Destination Address 
Op Code Address+3 

ADDD Op Code Address + 1 

CPX LOD Op Code Address +2 

LOS LDX Address of Operand 

SUBD Address of Operand + 1 
Op Code Address + 3 

STD STS Op Code Address + 1 

STX Op Code Address +2 
Destination Address 
Destination Address + 1 
Op Code Address +3 

JSR Op Code Address + 1 
Op Code Address +2 
FFFF 
Stack Pointer 
Stack Pointer —1 
Jump Address 

ASL ASR Op Code Address + 1 

COM DEC Op Code Address +2 

INC LSR Address of Operand 

NEG ROL FFFF 

ROR Address of Operand 
Op Code Address +3 

CLR Op Code Address + 1 













Op Code Address+ 2 
Address of Operand 
Address of Operand 
Op Code Address+3 


























oom] meme [ew] [| Ow 
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Data Bus 


Jump Address (MSB) 
Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Dats 

Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

oo 

Next Op Code 


(Continued) 
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220 


Address Mode & 


instructions 











IMPLIED 
ABA ABX Op Code Address + 1 Next Op Code 
ASL ASLD 
ASR CBA 
CLC CLI 
CLR CLV 
COM DEC 
DES DEX 
INC iNS 
iNX LSR 
LSRD ROL 
ROR NOP 
SBA SEC 
SEI SEV 
TAB TAP 
TBA TPA 
TST + TSX 
TXS 
DAA XGDX Op Code Address+1 aes Next Op Code 
PULA Op Code Address + 1 Next Op Code 


FFFF 
Stack Pointer + 1 

Op Code Address + 1 
FFFF 

Stack Pointer 

Op Code Address +1 
Op Code Address + 1 
FFFF 

Stack Pointer + 1 
Stack Pointer +2 

Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer —1 

Op Code Address + 1 
Op Code Address + 1 
FFFF - 

Stack Pointer +1 
Stack Pointer +2 
Return Address 
Op Code Address + 1 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 
FFFF 


- Bes 
: Ee: 


~PSHA P 


PULX 





~ PSHX 












RTS 













MUL 
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Restart Address (LSB) 
Data from Stack 

Next Op Code 

Restart Address (LSB) 
Accumulator Data 
Next Op Code 

Next Op Code 

Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 
Next Op Code 

Restart Address (LSB) 
Index Register (LSB) 
index Register (MSB) 
Next Op Code 

Next Op Code 

Restart Address (LSB) 
Return Address (MSB) 
Return Address (LS8) 
First Op Code of Return Routine 
Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LS8) 
Restart Address (LSB) 
Restart Address (LSB) 


(Continued) 
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Address Mode & 
Instructions 





Data Bus 


Ee 












































IMPLIED 
Al 1 Op Code Address + 1 1 8 Next Op Code 
2 FFFF 1 1 Restart Address (LSB) 
3 Stack Pointer 0 0 Return Address (LSB) 
4 Stack Pointer —1 0 0 Return Address (MSB) 
5 Stack Pointer —2 0 0 Index Register (LSB) 
6 Stack Pointer —3 0 0 Index Register (MSB) 
7 Stack Pointer —4 0 0 Accumulator A 
8 Stack Pointer —5 ‘¢) 0 Accumulator B 
9 Stack Pointer —6 0 0 Conditional Code Register 
RTI 1 Op Code Address + 1 O Next Op Code 
2 FFFF 1 Restart Address (LS8) 
3 Stack Pointer +1 0 Conditional Code Register 
4 Stack Pointer +2 0 Accumulator B 
5 Stack Pointer +3 0 Accumulator A 
6 Stack Pointer +4 0 Index Register (MSB) 
7 Stack Pointer +5 0 index Register (LSB) 
8 Stack Pointer +6 6) Return Address (MSB) 
9 Stack Pointer +7 0 Return Address (LS8) 
10 Return Address ¢) First Op Code of Return Routine 
SWI 1 Op Code Address + 1 1 O 1 Next Op Code 
2 FFFF 1 1 Restart Address (LSB) 
3 Stack Pointer 0 ¢) Return Address (LSB) 
4 Stack Pointer — 1 0 0) Return Address (MSB) 
5 Stack Pointer —2 ‘e) 6) Index Register (LSB) 
6 Stack Pointer —3 0 0 index Register (MSB) 
7 Stack Pointer —4 0) 0 Accumulator A 
8 Stack Pointer —5 fa] (0) Accumulator B 
9 Stack Pointer ~6 0 0 Conditional Code Register 
| 10 Vector Address FFFA 1 1 Address of SWI Routine (MSB) 
1 Vector Address FFFB 1 | 1 Address of SWI Routine (LSB) 
Address of SWI Routine 1 1 First Op Code of SWI Routine 
SLP 1 Op Code Address + 1 1 fe) 1 1 Next Op Code 
2 FFFF 1 1 1 1 Restart Address (LSB) 
oo | | 
3 FFFF 1 1 1 1 Restart Address (LSB) 
4 Op Code Address + 1 1 Oo 1 Oo Next Op Code 
RELATIVE 
Op Code Address + 1 Branch Offset 
BEQ BGE FFFF Restart Address (LSB) 
BGT BHI | Branch Address: --Test=" First Op Code of Branch Routine 
BLE BLS | Op Code Address + 1---Test="0" Next Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
Op Code Address + 1 Offset 
FFFF Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer —1 Return Address (MSB) 
Branch Address First Op Code of Subroutine 
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8 PRECAUTION TO THE BOARD DESIGN OF OSCILLA- 
TION CIRCUIT 
As shown in Fig. 26, there is a case that the cross talk dis- 
turbs the normal oscillation if signal lines are put near the 
oscillation circuit. When designing a board, pay attention to 
this. Crystal and C; must be put as near the HD6303X as 
possible. | = 


Avoid signal lines 
in this area. 








XTAL 


-|----4--- Signal line 










EXTAL 





HD6303X 


~---------|----]--- Signal line 





HD6303X 
(DP-64S) 







Do not use this kind of print board design. 
Figure 26 Precaution to the boad design (Top View) 


of oscillation circuit 
Figure 27 Example of Oscillation Circuits in Board Design 


@ RECEIVE MARGIN OF THE SCI Table 17 


Receive margin of the SCI contained in the HD6303X is : Bit distortion — 
tolerance 
| (t-to) /to a 


shown in Table 17. 
HD6303X | 443.7% 










~ Character — 
distortion tolerance 
(T—To) /To_ 


£4.37% 





Note: SCI = Serial Communication Interface 






START 1 2 3 4 5 6 7 8 STOP 


Bit length [e-to—>| 
Character length Tp ; 
Real Waveform ~Lf LA Ff LJ LO Lo. 


os 


ideal Waveform 
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= POWER-ON RESET 


At power-on it is necessary to hold RES “low” to reset the *Just after power-on, the MPU doesn’t enter reset state until 
internal state of the device and to provide sufficient time for the oscillation starts. This is because the reset signal is input 
the oscillator to stabilize. Pay attention to the following. internally, with the clocked synchronization as shown below. 






Internal reset signal 


Inside the LSI 


Fig. 28 Reset Circuit 


Thus, just after power-on the LSI state (I/O port, mode = RESET SIGNAL AND MEMORY READY FUNCTION 


condition etc.) is unstable until the oscillation starts. If it is The reset signal is strobed to CPU synchronized with internal 
necessary to inform the LSI state to the external devices during clock. Since internal clock is held to “High” level during 
this period, it neecs to be done by the external circuits. memory-ready-state (MR = “‘Low’”), reset sygnal is not strobed 
to CPU. 
Please MR input (Ps2.) should be “High” level during reset- 
state. 
HITACHI 
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HD6303Y,HD63A03Y, 
HD63BO3Y 
CMOS MPU (Micro Processing Unit) 


The HD6303Y is a CMOS 8-bit micro processing unit which 
contains a CPU compatible with the HD6301V1, 256 bytes of 


RAM, 24 parallel I/O Pins, Serial Communication Interface 
(SCI) and two timers. 


HD6303YP, HD63A03YP, 
HD63B03YP, HD63C03YP* 


FEATURES 
instruction Set Compatible with the HD6301V1 
256 Bytes of RAM 
24 Parallel 1/O Pins 
Parallel Handshake Interface (Port 6) 
Darlington Transistor Drive (Port 2, 6) 
16-bit Programmable Timer 

Input Capture Register x 1 

Free Running Counter x 1 

Output Compare Registers x 2 (DP-64S) 
® 8-Bit Reloadable Timer 


External Event Counter HD6303YF, HD63A03YF, 
Square Wave Generation 


HD63B03YF, HD63CO3YF 
@ Serial Communication Interface (SCI) 
Asynchronous Mode (8 Transmit Formats, Hardware 
Parity) 
Clocked Synchronous Mode 
@ Three Kinds of Memory Ready 
@ Halt 
® Error Detection 
(Address Error, Op-code Error) 
@ Interrupt — 3 External, 7 Internal 
@® Maximum 65k Bytes Address Space 
@ Low Power Dissipation Mode 
Sleep 
Standby (Hardware Set, Software Set) (FP-64) 
@ Wide Operating Range 
Vcc = 3 to 5.5 (f = 0.1 to 0.5 MHz) 
Vec =5V t+ 10% (f = 0.1 ~ 3 MHz) 
@ Minimum Instruction Cycle Time 








HD6303YCP, HD63A03YCP, 
HD63B03YCP, HD63CO3YCP 


—~ HD6303Y......... Tus (f = 1 MHz) 
—HD63A03Y ....... 0.67pus (f = 1.5 MHz) 
—HD63B03Y ....... 0.5us (f=2.0 MHz) 
—HD63CO3Y ....... 0.33us (f = 3.0 MHz) 


# TYPE OF PRODUCTS 





Type No. Bus Timing 
HD6303Y 1 MHz 
HD63A03Y 1.5 MHz (CP-68) 
HD63B03Y = 2 MHz 
HD63CO3Y* 3 MHz 


* Preliminary 
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# PIN ARRANGEMENT 








@® HD6303YP, HD63A03YP, @ HD6303YF, HD63A03YF, 
HD63B03YP, HD63CO3YP HD63B03YF, HD63CO3YF 
ZIM a . < < a 
Eesfses cee Bs 
sis isiis|[s ifs falls ]a fs [s][s][s\ 
NM 1 | Db 
Pic [ 2 | | 50] 0, 
Pay i 3] | 49 | D, 
Pr [4 | .48] Ds 
Pay | 5 | O. 
Pre l 6] 46] Ds 
Pos Ow 
Pre [| 8 | [44], 
P.4L9 | Ae 
Pso [10] A, 
Pos: [11 | | 41] A; 
Ps [40] As 
Psi | 39 | Aa 
Poa [14] 138] As 
Pss As 
Pro] 16] 36 | A, 
Ps, 35 |Vss 
Poo 18 | [34 | As 
Po, 19 | As 
REREERRIRIRTERIEIES! 
fidiFiF 2 22252 
(Top View) 
(Top View) 
@ HD6303YCP, HD63A03YCP, 
HD63B03YCP, HD63CO3YCP 
BERss5% se eeFe aco 
: fo} fol] fea 
© HITACHI 
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@ BLOCK DIAGRAM 


226 


P2o(Tin ) 
P21(Tout:) 
P22(SCLK) 
Po3(Rx ) 4 
P24( Tx ) i 
P25( Tout2) <— ag 
P26( Tout3) 
Po(TCLK) ett 


SCI ms 





Pso(IRQ: ) 
Ps,(1RQ2 ) 
Ps2(MR_) 
Ps3(HALT) 
Psa(IS ss) 
P5s(0S_) 
Ps6 

Ps7 


Péo 
Per 
Pe2 
Pe3 
Pea 
Pes 
Pes 
P67 
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PORT2 
PORT2 DDR 


Date Bus Buffer 


” 
” 
@ 
be 
A) 
bo) 
< 


Bus Buffer 





Address iz 
Data 1 


PORTS 
PORTS DDR 


“oo 
7) 

os 
te 

o@ 
Can 
<5 
foe] 





ce 
o | Oo 
a | © rs 
S 
216 RAM 

a 

256Bytes 
€@ HITACHI 
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SSeS Rec ya er em ee ee a DOSS) 


a ABSOLUTE MAXIMUM RATINGS 


Storage Temperature T stg °C 


(NOTE) This product has protection circuits in input terminal from high static electricity voltage and high electric field. 
But be careful not to apply overvoitage more than maximum ratings to these high input impedance protection circuits. To assure the normal 
operation, we recommend V,,, Vous! Vss & (Vin OF Vout) & Vec- 


@ ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Vcc = 5.0V+ 10%, Veg = OV, Ta = O~+ 70°C, unless otherwise noted.) 


| Vec-0.8 | — 
Input “High” Voltage EXTAL Vu l Vecx0.7 | — | nee Vv 
NMI RES, STBY, < a | 
Input peekaue Current MP,, MP; bias Vec— 0.5V BA 
Three State Ag~Aj15, Do~D7, RD, eee ee 
leatacetanent __[WRabberorez ee: | lal | Ye=0S~Vee-osv | - | - | 10 | uA 
Output “’High’’ Voltage All Outputs Vou = = ee 
Output “Low” Voltage _| All Outputs Vor lo. = 1.6mA Se Se 
Darlington Drive | 5 
; Vin = OV, f = 1MHz, | 
Sieoping (=1MHz™) | _- | 18 | 30 | ma 
lar | Sheoping (=1.5MHz™) | — | 23 | 45 | mA 
— Sleeping (=2MHe™) | _- | 30] 60 | mA 
Current Dissipation — a 
Operating f=IMHz"") | — | 7.0 | 10.0 | mA 
|_Operating f=1.5MHz) | = — | 10.5 | 15.0 | mA 
ee ___[Toperating (=2mvz") | — | 140 | 200 | mA 


Vy Min = Voc — 1.0V, Vy max = 0.8V (Ali output terminals are at no load.) 
** Current Dissipation of the operating or sleeping condition is proportional to the operating frequency. So the typ. or max. values about Current 
Dissipations at X MHz operation are decided according to the following formula: 
typ. value (f = X MHz) = typ. value (f= 1MHz) X X 
max. value (f = X MHz) = max. value (f = 1MHz) XX 
(both the sleeping and operating) 
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@ AC CHARACTERISTICS (Vo, = 5.0V+ 10%, Veg = OV, T, = O~+ 70°C, unless otherwise noted.) 


Delay Time (From 
Enable Fall Edge to 
Peripheral Output) 


Port 2, 5,6 


BUS TIMING 
; Test HD6303Y HD63A03Y HD63B03Y . 
= Lert | oie Pat a te ie ae eo um 
Cycle Time Hteye | 1 | - | 10 joess{ - | 10 | os | - | 10| us 
Enable Rise Time tee EARS Es Eee EEE 
Enable Fall Time ter ese et a 2B ee) 2B: | at] 228: |e 
Enable Pulse Width “High” Level* /PWey | 1/450} — | — | 300] — | — [220] - | - | ns 
Enabie Pulse Width “Low” Level* [450] — | — | 300 | — | — [220] - | - | ns 
Address, R/W Delay Time” to pe) 280 [| = 190: | = | | 100 | ne 
DataDelay Time | Write | toow [oe es [200] =| = 300 = |= || 1201) <8 
DataSet-upTime |Read [toa 80S. |) 70 | = 00 ee is 
Address, R/W Hold Time" a 80. [|e SOF eee Pa | 
a OI ee ee fee Oe ne 
RD, WR Pulse Width® [PWaw | |450 | - | - | 300] - | - |220/ - | - | ns 
RD, WR Delay Time |- | - | 40 | - | - | 40 | - | - | 40] ns 
RD, WR Hold Time |- | - | 20] - | - [20 | - | - [20] ns 
UR Delay Time _ | - | - |200| - | - |160| - | - | 120] ns 
UR Hold Time p10 | - | - | 10 | - | - | 10 | - | = | ns 
MR Set-up Time* tema | [400 | - | - |280| - | - |230] - | - | os 
MR Hold Time" fee] mes Pe = fools P= pet t= por ns 
E Clock Pulse Width at MR [PWemn [}-}|-/9 {-/- [9 |-|-1]9 | us 
remecomasecrton [ve | BH [oe] - [- [ooo] - [- [oo | - [-| 
Processor Control Rise Time ter HR ns 
Oscillator Stabilization Time aaa (oe ms 
Reset Pulse With Pwr | 13 |-|-|2{-{[-12|-|-| 
* These li change in approximate proportion to t,,,. The figures in this characteristics represent those when t,,, is minimum (= in the highest speed 
operation 
PERIPHERAL PORT TIMING 
Test HD6303Y HD63A03Y HD63B03Y ; 
nid sro | Condition | min | typ [max | min | typ | max | eS 
ay ron8.8 [tomy ea ea el : 
Peripheral Data | = p= ce 
Hold Time 


input Strobe Pulse Width 
input Data Hold Time Port 6 


input Data Set-Up Time 


v 
° 

a 
LS) 
a 
@ 


Output Strobe Delay Time 
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ns 
ns 
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TIMER, SCI TIMING 


Item 


Cc 
2. 
=> 


Timer 1 Input Pulse Width 


oo 
Q 
is) 


Test HD6303Y HD63A03Y HD63B03Y 
Condition typ 
Delay Time (Enable Positive 


[min | 
| 2.0 
Transition to Timer Output) trop rales & 
| 1.0 | 
| 2.0 | 


=] 
" 


o> 


SCI input 


Clock Cycle 


SCI Transmit Data Delay 
Time (Clock Sync. Mode) 


SCI Receive Data Set-up 
Time (Clock Sync. Mode) 


SCI Receive Data Hold Time 
(Clock Sync. Mode) 


SCI Input Clock Pulse Width 
Timer 2 Input Clock Cycle 
Timer 2 Input Clock Pulse 
Width 


Timer 1-2, SCI input Clock 
Rise Time 


Timer 1-2, SCI Input Clock 
Fall Time 


s 7 
x< 
H Oo 19 to] 
ie) 
A 


6 
a 
@e 
© 


~~ 
© 
a 


=] 
a 


3 
a” 


tse [1 


teye 


=] 3 
@ 7) 


23 
~“ 


=] 
” 
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Ao~Ais, “i av es 
R/W <i 8V 


S| 
Oo 
5 
- 
3 
o 
°o 
© 
< 


tuw 
MPU Write Z 2.4V y 
Do~D, 0.8V | 


MPU Read 
D,~D, 





to.r tur 
LR 
0.8V 


Figure 1 Bus Timing 


0.8V 


tsmr 


MR 





tecr 


Figure 2 Memory Ready and E Clock Timing 
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Last Instruction Instruction Execution 
Execution Cycl HALT Cycle Cycle 








Synchronous Clock 


Transmit Data 


Receive Data 





*2.0V is high level when clock input. 
2.4V is high level when clock output. 


Figure 4 SC! Clocked Synchronous Timing 


MPU Write 
MPU Read [ 
a 





E E 
pao a? 
s0~Ps7 
80 ~ Pe? O P2o~P a7, 
(Inputs) ps0 Fr. 7 4V Data Valid 
~F 67 ‘ ata vail 
(Sutputs) 0.8V 


Figure 5 Port Data Set-up and Hold Times (MPU Read) 


Figure 6 Port Data Delay Times (MPU Write) 
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Timer 1 
FRC: 





Pai, Pas 4V 
Outputs 0.8V 


Figure 7 Timer 1 Output Timing 


x 


2.0V 


0.8V 


tcxr 
s% “* 
texe 


“Timer 2 ; ttcyc 
SCI : tScyc 


**Timer 1;tPWT 
Timer 2; tPWTCK 
SCI » tPWSCK 


Figure9 Timer 1-2, SCI input Clock Timing 


MPU access of 
PORT6 


e+ 





E 


Pss5 
(OS) 


Figure 11 Output Strobe Timing 


interrupt 
Test sas 


E 


E 2.4V 
T2CNT N $00 
trop 
P26 2.4V 
Output 0.8V 
(TCONR=N) 


Figure 8 Timer 2 Output Timing 


Ps4(1S) 


PORT6 


Data 
(Input) 





Figure 10 Port 6 Input Latch Timing 


Vcc 


Ri=2.2kQ 
Test Point 
1$2074@ 


Cc R or Equiv. 


C = 90pF for Dp~D,, Ap~Ays, E 
= 30pF for Port 2, Port 5, Port 6, RD, 
WR, R/W, BA, TI 
R = 12k0N 


Figure 12 Bus Timing Test Loads (TTL Load) 


cee) — | ee a 
i CD > Ge CG Ge GD GD i CUE Cy GE Cy CED GE GRD | 


Op Code Op Code FFF sp SP-1 


NMi, iRG:. Oo BV" Address Address+ 
iRG2, IRQs 
tecs 
Internal 
Data 
Op Operand irrelevant PCO~ PCS8— 
Code Op Code Data PC? PC15 
Internal 
Read 


: i Vector Vector New 
SP-3. SP-4 SP-5 SP-6 MSB LSB PC 


Address Address Address 


x8- ACCA ACCB CCR Vector Vector First inst. of 
1X15 MSB LSB interrupt Routine 


Write 


Figure 13 Interrupt Sequence 
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——5.5V 
4.5V 
Vee 
Vec 0.5v 

ST6Y 
Vec -0.6v 
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[poncsommecmecsa, | 
tac 
| STRAIT ELLIS 
Ss 
‘ecs 
| 0 8v 
Srstenemereaancrerted fprerree eee ETS 


coon I XXX -- _X>X 


FEFE UFFEE FEFE FFEE FEFFF FFEFE FEEF New PC 


FEEE FFEF 


ME, 
oe oe on 
OO 
° I npr 


> TN a — 





TOT 


oS a $$$) Ss 5 
PCS~ PCO- First 


PC15 PC7 instruction 


Figure 14 Reset Timing 


w FUNCTIONAL PIN DESCRIPTION 

Vcc and Vss provide power to the MPU with 5V+ 10% supply. 
In the case of low speed operation (fmax= 500kHz), the MPU can 
operate with 3 to 5.5 volts. Two Veg pins should be tied to ground. 


@ XTAL, EXTAL 

These two pins interface with an AT-cut parallel resonant crystal. 
Divide-by-four circuit is on chip, so if 4MHz crystal oscillator is 
used, the system clock is 1MHz for example. 

EXTAL pin can be drived by the external clock with 45% to 55% 
duty. The system clock which is one fourth frequency of the exter- 
nal clock is generated in the LSI. The external clock frequency 
should be less than four times of the maximum operating frequen- 
cy. When using the external clock, XTAL pin should be open. Fig. 
15 shows examples of connection circuit. The crystal and C; ,, C;> 
should be mounted as close as possible to XTAL and EXTAL pins. 
Any line must not cross the line between the crystal oscillator and 
XTAL, EXTAL. 


AT Cut Parallel Resonant Crystal Oscillator 


Co=7pF max 
Rs=602 max 
XTAL 
C3 Cii=Cr2 
= 10pF ~ 22pF + 20% 
EXTAL (3.2 ~8MHz) 
Cr2 — Cu 


ah ar 


Figure 15 Connection Circuit 


e STBY 

This pin makes the MPU standby mode. In ‘‘Low”’ level, the os- 
cillation stops and the internal clock is stabilized to make reset con- 
dition. To retain the contents of RAM at standby mode, ‘‘0”’ 
should be written into RAM enable bit (RAME). RAME is the bit 
6 of the RAM/port 5 control register at $0014. RAM is disabled by 
this operation and its contents is sustained. 

Refer to “LOW POWER DISSIPATION MODE” for the 
standby mode. 


® Reset (RES) 

This pin resets the MPU from power OFF state and provides a 
startup procedure. During power-on, RES pin must be held ‘‘Low”’ 
level for at least 20ms. 

The CPU registers (accumulator, index register, stack pointer, 
condition code register except for interrupt mask bit), RAM and 
the data register of ports are not initialized during reset, so their 
contents are undefined in this procedure. _ 

To reset the MPU during operation, RES should be held ‘‘Low”’ 
for at least 3 system-clock cycles. At the 3rd cycle during ‘“‘Low”’ 
level, all the address buses become ‘‘High’’. When RES remains 
‘‘Low’’, the address buses keep ‘‘High’’. If RES becomes ‘‘High’’, 
the MPU starts the next operation. 

(1) Latch the value of the mode program pins; MP, and MP,. 

(2) Initialize each internal register (Refer to Table 4). 

(3) Set the interrupt mask bit. For the CPU to recognize the 
maskable interrupts IRQ,, IRQ, and IRQ,, this bit should be 
cleared in advance. 

(4) Put the contents (=start address) of the last two addresses 
($FFFE, $FFFF) into the program counter and start the pro- 
gram from this address. (Refer to Table 1). 





@ Enable (E) 

This pin provides a TTL-compatible system clock to external cir- 
cuits. Its frequency is one fourth that of the crystal oscillator or ex- 
ternal clock. This pin can drive one TTL load and 90pF capacitance. 


® Non-Maskable Interrupt (NMi) 
When the falling edge of the input signal is detected at this pin, 
the CPU begins non-maskable interrupt sequence internally. As 
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well as the IRO mentioned below, the instruction being executed at 
NMI signal detection will proceed to its compeletion. The interrupt 
mask bit of the condition code register doesn’t affect non-maskable 
interrupt at all. 

In response to an NMI interrupt, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack. Upon completion of this sequence, a 
vector is fetched from $EFFC and $FFFD to transfer their contents 
into the program counter and branch to the non-maskable interrupt 
service routine. 

(Note) At reset start, the stack pointer should be initialized on 

an appropriate memory area and then the falling edge 
be input to NMI pin. 


© Interrupt Request (RG,, IR.) 
These are level-sensitive pins which request an internal interrupt 
sequence to the CPU. At interrupt request, the CPU will complete 


Each Status Register’s Interrupt 


Enable Flag 
“1; Enable, ‘O°’ ; Disable 
gen —— Foe 
iRQ3 
RDRF 
ORFE 
Edge 
NMI ~Detective 
ircuit 
jraccene ror | TRAP 
Detective Circuit 
Swi 








the current instruction before the acceptance of the request. Unless 
the interrupt mask in the condition code register is set, the CPU 
Starts an interrupt sequence; if set, the interrupt request will be ig- 
nored. When the sequence starts, the contents of the program 
counter, index register, accumulators and condition code register 
will be saved onto the stack, then the CPU sets the interrupt mask 
bit and will not acknowledge the maskable request. During the last 
cycle, the CPU fetches vectors depicted in Table 1 and transfers 
their contents to the program counter and branches to the service 
routine. | | = a 

The CPU uses the external interrupt pins (IRQ, and IRQ,) also 
as port pins P,, and P,,, so it provides an enable bit to Bit 0 and 1 of 
the RAM port 5 control register at $0014. Refer to ‘“‘RAM/PORT 5 
CONTROL REGISTER”? for the details. 

When one of the internal interrupts, ICI, OCI, TOI, CMI or SIO 
is generated, the CPU produces internal interrupt signal (IRQ,). 
IRQ, functions just the same as IRQ, or IRQ, except for its vector 
address. Fig. 16 shows the block diagram of the interrupt circuit. 





Interrupt 
Request 
Signal 


Sleep 
Cancel 
Signal 


Figure 16 Interrupt Circuit Block Diagram 
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Table 1 Interrupt Vector Memory Map 


Vector 


Priority mse | LSB | interrupt 
LSB 
Highest [rere _[Frrr | RES 
|FFFC |FFFD_ | NMI 
swi 
(Software Interrupt) 
|FFF8 | FFF9 | TRO,, ISF (port 6 Input Strobe) 
ICI 
jFrre any (Timer 1 Input Capture) 
OCI 
(Timer 1 Output Compare 1, 2) 
TOI 
(Timer 1 Overflow) 
CMI 
(Timer 2 Counter Match) 
[FFEA [FFEB | TRG, 
pernier SiO 
omen (RDRF+ ORFE+ TDRE+ PER) 


@ Mode Program (MPo, MP,) 
Set MP, ‘‘High’’ and MP, ‘‘Low”’. 


© Read/Write (R/W) 

This signal, usually be in read state (‘‘High’’), shows whether 
the CPU is in read (‘‘High’’) or write (‘‘Low’’) state ta the periph- 
eral or memory devices. This can drive one TTL load and 30pF ca- 
pacitance. 


e RD, WR 

These signals show active low outputs when the CPU is reading/ 
writing to the peripherals or memories. This enables the CPU easy 
to access the peripheral LSI with RD and WR input pins. These pins 
can drive one TTL load and 30pF capacitance. 


© Load instruction Register (LIR) 
This signal shows the instruction opecode being on data bus 
(active low). This pin can drive one TTL load and 30pF capacitance. 


@ Memory Ready (MR; P,2) 

This is the input control signal which stretches the system 
clock’s ‘‘High’’ period to access low-speed memories. HD6303Y 
can select three kinds of low-speed memory access method by 
RAM/Port 5 Control Register’s MRE bit and AMRE bit. In the 
case that CPU accesses low-speed memories by the external MR 
signal (MRE=‘“‘1”’, AMRE=‘‘0”’), the system clock operates in 
normal sequence when this signal is in ‘‘High’’. 

But this signal in ‘‘Low’’, the ‘“‘High”’ period of the system clock 
will be stretched depending on its ‘‘Low” level duration in integral 
multiples of the cycle time. This allows the CPU to interface with 
low-speed memories (See Fig. 2). Up to 94s can be stretched. 

During internal address space access or nonvalid memory ac- 
cess, MR is prohibited internally to prevent decrease of operation 
speed. Even in the halt state, MR can also stretch “‘High”’ period of 
system clock to allow peripheral devices to access low-speed memo- 
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ries. Refer to ‘SRAM/PORT 5 CONTROL REGISTER”’ for more 
details. 


@ Halt (HALT: Pgs) 

This is an input control signal to stop instruction execution and 
to release buses. When this signal switches to ‘‘Low’’, the CPU 
stops to enter into the halt state after having executed the present 
instruction. When entering into the halt state, it makes BA ‘‘High’”’ 
and also an address bus, data bus, RD, WR, R/W high impedance. 
When an interrupt is generated in the halt state, the CPU uses the 
interrupt handler after the halt is cancelled. When halted during the 
sleep state, the CPU keeps the sleep state, while BA is ‘“‘High”’ and 
releases the buses. Then the CPU returns to the previous sleep 
state when the HALT signal becomes “‘High”’. 

(Note) Please don’t switch the HALT signal to “‘Low” when 
the CPU executes the WAI instruction and is in the in- 
terrupt wait state to avoid the trouble of the CPU’s op- 
eration after the halt is cancelled. 


© Bus Available (BA) 

This is an output control signal which is normally ‘‘Low’’ but 
‘‘High’’ when the CPU accepts HALT and releases the buses. The’ 
HD6800 and HD6802 make BA ‘“‘High”’ and release the buses at 
WAI execution, while the HD6303Y doesn’t make BA ‘‘High”’ 
under the same condition. 


aw PORT 

The HD6303Y provides three 8-bit I/O ports. Each port pro- 
vides Data Direction Register (DDR) which controls the I/O state 
by the bit. 


Table 2 Port and Data Direction Register Address 


Port Address 
$0003 
$0017 


Data Direction Register 
$0001 















© Port 2 

An 8-bit I/O port. Port 2 DDR (P2DDR) controls the I/O state. 
This port provides DDR corresponding to each bit and can define 
input or output by the bit (‘‘0”’ for input, ‘‘1”’ for output). 

As Port 2 DDR is cleared during reset, it will be an input port. 

Port 2 is also used as an I/O pin for timer 1, Timer 2 and the SCI. 
Pins for Timers and the SCI set or reset each DDR depending on 
their functions and become I/O pins. When port 2 functions as an I/ 
O port after used as I/O pins of the timers or the SCI, the I/O direc- 
tion of the pins remain as it is used as the I/O pin of timer and SCI. 

Port 2 can drive one TTL load and 30pF capacitance. This port 
can produce 1mA when V,,,=1.5V to drive directly the base of 
Darlington transistor. 


P20 (Tin) 

P. is also used as an external input pin for the input-capture. 
This pin is an I/O port which is an input or output as defined by the 
Data Direction Register (P,,DDR) (‘‘0” for an input and ‘‘1”’ for 
an output). Then either a signal to or from P,, (‘‘to”’ for an output 
port, ‘‘from”’ for an input port) is always input to the Timer 1 input 
capture. 
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Internal Data Bus 


P20 DATA 


WP2D : DDR Write Signal 
WP2_ : Port Write Signal 
RP2 =: Port Read Signal 


_ Timer 1 | 
input Capture Input 


P2, (Tout 1), Pag (Tx), Pag (Tout 2), Pog (Tout 3) have a register which enables output. By setting these registers, 
These four pins can be also used as output pins for Timer 1, they automatically will be output pins of timer or the SCI. 
Timer 2 and a transmit output of the SCI. Timer 1, and the SCI 


Pr: RES 


nyt : 5 
Pa DATA 

e 

{\ 









Timer 1, Timer 2 and SCI 


Internal Data Bus 







Output Data 
Output Enable Signal 
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P22 (SCLK) ble as an I/O port when the SCI has no clock input or output (as an 
P,, is also used as a clock I/O pin for the SCI. It is selected as a output port if P,, DDR=1, as an input port if P,, DDR=0). 
clock input or output pin by the operating mode of the SCI. It is usa- 










P22 oon 


EG = DATA 






Internal Data Bus 





Clock Input Enable signal 
Output Clock 


Clock Output Enable dighal 
> Input Clock 







Paz (Rx), P27 (TCLK) Since the SCI will be a clocked synchronous mode by an external 


P,, and P,, are also used as received data input pins for the SCI clock-input during reset, the DDR of P,, is cleared automatically 
and external clock input pins for Timer 2. The SCI and Timer 2 and P., is an input port. Set the SCI to a mode where P,, is not used 
have registers which enable input. If the registers are set, the DDR (CCO or CC1 of the RMC Register is ‘‘0”’ or ‘‘1”’ respectively) and 
(P.3DDR, P,,DDR) are cleared and P23 and P., will be input write ‘‘1”’ to the P,, DDR to make P,, an output port. 


pins for Rx and TCLK. 






Internal Data Bus 


Set Timer 2 


P2n DATA 
C 


Input Enable signal 
SCI Receive Data, 
Timer 2 External Clock 


MSB | LSB 


PORT2 DDR ($0001) 
(Write only, $00 
during reset.) 


PORT2 ($0003) 
(R/W, not ini- 
tialized during 
reset.) 
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@ Port 5 

An &bit I/O port. The DDR of port 5 controls I/O state. Each bit 
of port 5 has a DDR which defines I/O state (‘‘0”’ for input and ‘‘1”’ 
for output). . 

During reset, the DDR of port 5 is cleared and port 5 becomes 
an input port. 

Port 5 is also usable as IRQ, , IRQ, HALT, MR and the strobed 
signal of port 6 for handshake (IS, OS). It is set to input or output 
automatically if it is used as these control signal pins (except P,,, 
TS). Since the DDR of port 5, as is port 2, is set or reset by the con- 
trol signal, I/O directions of the I/O ports are retained after the con- 
trol signal is disabled. Port 5 can drive one TTL load and 90pF ca- 
pacitance. 


RES 





C 


a 


* Initializing value during reset; 


Psn DDR 






P5n DATA 





Pso (iRQ,), Pg, (IRA) 

- Pz and P,, are also usable as interrupt pins. The RAM/port 5 
control registers of IRQ, and IRQ, have enable bits (IQIE, IQ2E). 
When these bits are set to “‘1”’, P;) and P,, will automatically be in- 
terrupt input pins. 


P52 (MR), Pgs (HALT) 

__P,, and P,, are also usable as MR and HALT inputs. MR and 
HALT have enable bits (MRE, HLTE) in the RAM/Port 5 Control 
Register as IRQ, and IRQ,. Since MRE is cleared during reset, P,. is 
usable as an I/O port, and HLTE is set during reset, the DDR of P,, 
will be automatically reset to be a HALT input pin. HLTE of the 
RAM/Port 5 Control Register has to be cleared to use P,, as an I/O 





port. 







WP5D : DDR Write signal 
WP5_: Port Write signa! 
RPS: Port Read signal 





Internal Data Bus 


iRQ!1 E = “oO”, IRQZE = “oO”, MRE = “oO”, HLTE = “4q oe 


output port (set the DDR of P,, to ‘‘1’’), an output signal from P,, 


Pa, (iS) vi 
will be the input to IS. 


P,, is also usable as the input strobe (IS) for port 6 handshake 
interface. This pin, as is P.o, is always an I/O port. If P,, is used as an 


RES 
A 
Q D 
Psa DDR | 
_C 


WPSD 


Q D 
Pse DATA 
Cc 









Internal Data Bus 






» Port 6 Control Status Register 
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Ps, (OS) by setting the OS enable register (OSE) of the port 6 Control Status 


P,, is also usable as the output strobe (OS) for port 6 handshake Register (P6CSR). 
interface. It will be an I/O port during reset, and an OS output pin 


RES 


Lp 
Q D 
C 

Q op 

C 





internal Data Bus 











OS 
OSE (; : OS output ) 
0: OS output disable 



















Pee. P57 
P,, and P,, are I/O ports. 
RES 
_ | 
0] Dj 
Psn DOR 
cone 3 
WP5D 8 
| 3] 
) Q Or PQ 
Ps, DATA o 
c 5 
= 


MSB LSB 

Ps7 | Psa | Pss | Psa | Psa | Ps2 | Psi] Pso iNiccan sco 

DOR ODR DDR | DDR! ODR | ODR| DDR] DOR during reset.) 
PORTS ($0015) 
(R/W, not ini- 
tialized during 
reset.) 
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® Port 6 


8-bit I/O port. Port 6 DDR controls I/O state. Each bit of port 6 
has a DDR and designates input or output (‘‘0” for input, ‘‘1’’ for 
output). During reset, Port 6 DDR is cleared and port 6 becomes an 


input port. 






MSB 





e BUS 
® Address Bus (Ay ~ A,,) 

Address Bus (A, ~ A,,) is used for addressing the memory and 
peripheral LSI. 

This bus can interface with the bus of HMCS 6800 and drive one 
TTL load and 90pF capacitance. 


® Data Bus (D, ~ D,) 

8-bit paraliel data bus for data transmit between the memory or 
peripheral LSI. This bus can drive one TTL load and 90pF capaci- 
tance. 


m RAM/PORT 5S CONTROL REGISTER 


The control register located at $0014 controls on-chip RAM and 
port 5. 


RAM/Port 5 Control Register (RP5CR) 


7 6 5 4 3 #2 = 1 0) 
STBY STBY 
Bit 0, Bit 1 IRO,, IRO2 Enable Bit (IRQ,E, IRQ2E) 


When using P,, and P,, as interrupt pins, write ‘‘1”’ in these bits. 
When the bit is set to “1”’, the DDRs corresponding to P,. and 





Port 6 controls parallel handshake interface besides functions as 
an I/O port. Therefore, it provides DDRs to control and IS LATCH 
to latch the input data. 

Port 6 can drive one TTL load and 30pF capacitance. It can drive 
directly the base of Darlington transistor as port 2. 


internal Data Bus — 


WP6D: DOR Write signal 
WP6_: Port Write signal 
RP6 __ : Port Read signal 


Port 6 
Control Status Register 
PORT6 DOR ($0016) 


(Write only, $00 
during reset.) 


LSB 


PORTE ($0017) 
(R/W, not ini- 
tialized during 
reset.) 


P,, are cleared and become IRQ, input pin and IRO, input pin. 
When IRQ,E and IRQ,E are set, P,, and P,, cannot be used as an 
output ports. When ‘‘0”’, the CPU doesn’t accept an external inter- 
rupt or a sleep cancellation by the external interrupt. These bits are 
cleared during reset. 


Bit 2 Memory Ready Enable Bit (MRE) 

When using P,, as an input pin of the ‘memory ready” signal, 
write ‘‘1” in this bit. When set, P,. DDR is automatically cleared 
and becomes the MR input pin. The bit is cleared during reset. 


Bit 3 Halt Enable Bit (HLTE) 

When using P,, as an input pin of the HALT signal, write ‘1°’ in 
this bit. When this bit is set, P,, DDR is automatically cleared and 
becomes the Halt input pin. If the bit is ‘‘0’’, the Halt function is 
inhibited and P,, is used as an I/O port. The bit is set to ‘‘1”’ during 
reset. 


Bit 4 Auto Memory Ready Enable Bit (AMRE) 

When the bit is set and the CPU accesses the external address, 
‘‘memory ready’”’ operates automatically and stretches the E clock’s 
“‘High”’ duration for one system clock. When MRE bit of bit 2 is 
cleared and when the CPU accesses the external address space, the 
function operates. When MRE bit is set and then the CPU accesses 
the external address space with P,,(MR) pin in “‘low’’, ‘‘memory 
ready”’ operates automatically. This bit is set to ‘‘1°’ during reset. 
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Table 3 ‘“‘Memory Ready” Function 


MRE AMRE 
‘‘Memory ready” inhibited. 


oO 


Bit 5 Standby Flag (STBY FLAG) 

By clearing this flag, HD6303Y gets into the standby mode by 
software. This flag is set to ‘‘1°”’ during reset, so the standby mode is 
canceled with RES pin in “‘low’’. The RES pin should be in ‘“‘low” 
until oscillation becomes stable (min. 20ms.). If the STBY pin in is 
in ‘‘low’’, the standby mode can not be canceled with the RES pin 
in ‘‘low’’. 


Bit 6 RAM Enable (RAME) 
On-chip RAM can be disabled by this control bit. By resetting 


Function 


When the CPU accesses the external address, “‘High’’ duration of E clock automatically becomes one-cycle 
longer. This state is retained during reset. 


“Memory ready” operates by Ps. (MR) pin. The function is the same as that of the HD6301 XO. 


When the CPU accesses the external address space with the Ps. (MR) pin in “low”, the ‘‘auto memory 
ready” operates. This function is effective if it has both “high-speed memory” and “slow memory” 
outside. input CS signal of *“’siow memory” to MR pin. 


this bit is cleared (=logic ‘‘0’’) on-chip RAM is invalid and the 
CPU can read data from external memory. This bit should be ‘‘0”’ 
before getting into the standby mode to protect on-chip RAM data. 


Bit 7 Standby Power Bit (STBY PWR) 

When V¢c is not provided in standby mode, this bit is cleared. 
This is a flag for read/write and can be read by software. If this bit is 
set before standyby mode, and remains set even after returning 
from standby mode, Vcc voltage is provided during standby mode 
and the on-chip RAM data is valid. 


the MPU, ‘‘1”’ is set to this bit, and on-chip RAM is enabled. When 


(a) MRE=O, AMRE=1 





E 
Address . 
ee Ge ra aernal_eddres 


(b) MRE=1, AMRE=1 














4 
E {3 a 
Address . - 
wees Sae X_ Suaal Xq external edaress_ Xsan Xy external address) 


We Ne 


(CS pin of “slow memory”) 


(c) MRE=1,AMRE=0 (HD6301X0 Compatible Mode) 











7 ' 
aes 4 


Address "\/~~tniterna externa extema intern 

al 
Bus (aadress DX gidroce DX | __external address S| address _ address) 
MR 


Figure 17 Memory Ready Timing 


The following shows Port 6 Control/Status Register (P6CSR). 


7 6 5 4 3 21 0) 
Is | IS IRQ, LATCH 
FLAG] ENABLE ENABLE | 


gw Port 6 Controi/Status Register 

This is the Control/Status Register for parallel handshake inter- 
face using Port 6. The functions are as follows; 

1) Latches input data to Port 6 at the IS (P,,) falling edge. 





2) Outputs a strobe signal OS (P,,) outward by reading or writ- $0021 
ing to port 6. sod 

3) When IS FLAG is set at the IS falling edge, an interrupt oc- 
curs. *Bit 7 is Read-Only bit 
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Bit O 
Bit 1 Not used. 
Bit 2 


Bit 3: Latch Enable 
This register controls the input latch for Port 6 (ISLATCH). 
’ When this bit is set to ‘‘1”’, the input data to port 6 will be latched 
inward at the IS (P,,) falling edge. An input latch will be canceled by 
reading Port 6, which enables to latch the next data. If cleared, the 


input latch remains canceled and this bit functions as a usual input , 


port. This bit is cleared during reset. 


Bit 4: OSS Output Strobe Select _ 

This register initiates an output strobe (OS) from P,, by reading 
or writing to port 6. When cleared, OS occurs by reading Port 6. 
When set, OS occurs by writing to Port 6. This bit is cleared during 
reset. 


Bit 6: OSE Output Strobe Enable 
This register decides the enabling or disabling of the output 







HD6303Y 
MS 


B 
iS IRQ, 
IS FLAG ENABLE 
















strobe. When cleared, P,, functions as an I/O port. When set, P,, 
functions as an OS output pin. (P,, DDR is set by OSE.) This bit is 
cleared during reset. 


Bit 6: 1S IRQ, Enable Input Strobe Interrupt Enable 

When set, an IRQ, interrupt to the CPU occurs by setting IS 
FLAG of bit 7. When cleared, the interrupt does not occur. This bit 
is cleared during reset. 


Bit 7: 1S Flag input Strobe Flag 

This flag is set at the IS (P,,) falling edge. This flag is for read- 
only. When set, the flag is cleared by reading or writing to Port 6 
after reading the Port 6 Control Status Register. This bit is cleared 
during reset. 


mw MEMORY MAP 

The MPU can address up to 65k bytes. Memory map is shown in 
Fig. 20. 40 addresses ($0000 ~ $0027 except $00, $02, $04, $05, 
$06, $07, $18) are the internal registers as shown in Table 4. 


Port 6 Control/Status Register 


Figure 18 Input Strobe Interrupt block Diagram 





pagga 


ss Data Bus 
lite) Address Bus 
sé, Address Bus 


Figure 19 HD6303Y Operating Function 
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Table 4 Internal Register 


: sas we initialized value 
aan during reset*** 


00° Port 1 DDR (Data Direction Register) $FE 

01 Port 2 DDR $00 

02° Port 1 indefinite 
03 Port 2 indefinite 
04° Port 3 DOR $FE 

05° Port 4 DDR $00 

06° Port 3 indefinite 
07° Port 4 indefinite 
08 Timer Control/Status Register 1 $00 

09 Free Running Counter (MSB) $00 

OA Free Running Counter (LSB) $00 

0B Output Compare Register 1 (MSB) $FF 

oc Output Compare Register 1 (LSB) $FF 

OD Input Capture Register (MSB) $00 

OE Input Capture Register (LSB) $00 

OF Timer Control/Status Register 2 $10 

10 Rate/Mode Control Register $CcOo 

11 Tx/Rx Control Status Register 1 $20 

12 Receive Data Register $00 

13 Transmit Data Register indefinite 
14 RAM/Port 5 Control Register $F8 or $78 
15 Port 5 indefinite 
16 Port 6 DDR $00 

17 Port 6 indefinite 
18 Port 7 indefinite 
19 Output Compare Register 2 (MSB) $FF 

1A Output Compare Register 2 (LSB) $FF 

1B Timer Control/Status Register 3 $20 

1C Time Constant Register $FF 

1D Timer 2 Up Counter $00 

1E Tx/Rx Control Status Register 2 $28 
ach Test Register’ _ 

20 PORT 5 DDR $00 

21 PORT 6 Control/Status Register $07 

22 - 

23 - 

oh Reserved = 

26 - 

27 _ 





* External address. 


R: Read-only register, W: Write-only register, R/W: Read/Write register. 
When empty bit is in the register, it is set to 1°’. 
Register for test. Don’t access this register. 
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$0000 
Internal * 
Regi 
$0027 bis 
External Memory 
$0040 
Internal RAM 
256 Bytes 


$013F 


External 
Memory 
Space 


S$FFFF 





*This mode does not 
include the addresses: 
$00, $02, $04, $05, 
$06, $07 or $18 which 
can be used externally. 


Figure 20 HD6303Y Memory Map 


a TIMER 1 
The HD6303Y provides a 16-bit programmable timer which can 
simultaneously measure an input waveform and generate two inde- 
pendent output waveforms. The pulse widths of both input/output 
waveforms vary from microseconds to seconds. 
pmuer 1 is configured as follows (refer to Fig. 22). 
Control/Status Register 1 (8 bit) 
Control/Status Register 2 (7 bit) 
Free Running Counter (16 bit) 
Output Compare Register 1 (16 bit) 
Output Compare Register 2 (16 bit) 
Input Capture Register (16 bit) 


® Free-Running Counter (FRC)($0009:000A) 

The key timer element is a 16-bit free-running counter driven 
and incremented by system clock. The counter value is readable by 
software without affecting the counter. The counter is cleared dur- 
ing reset. 

When writing to the upper byte ($09), the CPU writes the preset 
value ($FFF8) into the counter (address $09, $0A) regardless of 
the write data value. But when writing to the lower byte ($0A) after 
the upper byte writing, the CPU writes not only lower byte data into 
lower 8 bit, but also upper byte data into higher 8 bit of the FRC. 

The counter will be as follows when the CPU writes to it by dou- 
ble store instructions (STD, STX, etc.) 


$09 Write $OA Write 












Counter value : $FFF8 : $SAF3 


In the case of the CPU write ($5AF3) to the FRC 


Figure 21 Counter Write Timing 





® Output Compare Register (OCR) 

($000B, $000C; OCR1) ($0019, $001A: OCR2) 

The output compare register is a 16-bit read/write register which 
can control an output waveform. The data of OCR is always com- 
pared with the FRC. 

When the data matches, output compare flag (OCF) in the timer 
control/status register (TCSR) is set. If an output enable bit (OE) in 
the TCSR2 is ‘‘1”’, an output level bit(OLVL) in the TCSR will be 
output to bit 1 (OCR 1) and bit 5 (OCR 2) of port 2. To control the 
output level again by the next compare, the value of OCR and 
OLVL should be changed. The OCR is set to $FFFF at reset. The 
compare function is inhibited for a cycle just after a write to the up- 
per byte of the OCR or FRC. This is to set the 16-bit value valid in 
the counter register for compare. In addition, it is because counter 
is to set $FFF8 at the next cycle of the CPU’s upper byte write to 
the FRC. 

* For data write to the FRC or the OCR, 2-byte transfer i in- 

struction (such as STX, etc.) should be used. 


© Input Capture Register (ICR) ($000D : OOOE) 

The input capture register is a 16-bit read-only register which 
stores the FRC’s value when external input signal transition gener- 
ates an input capture pulse. Such transition is controled by input 
edge bit (IEDG) in the TCSR1. 

In order to input the external input signal to the edge detector, a 
bit of the DDR corresponding to bit 0 of port 2 should be cleared 
(‘‘0’’). When an input capture pulse occurs by external input signal 
transition at the next cycle of CPU’s high-byte read of the ICR, the 
input capture pulse will be delayed by one cycle. In order to ensure 
the input capture operation, a CPU read of the ICR needs 2-byte 
transfer instruction. The input pulse width should be at least 2 sys- 
tem cycles. This register is cleared ($0000) during reset. 


® Timer Controi/Status Register 1 (TCSR1) ($0008) 

The timer control/status register | is an 8-bit register. All bits are 
readable and the lower 5 bits are also writable. The upper 3 bits are 
read-only which indicate the following timer status. 

Bit 5 The counter value reached to $0000 as a result of coun- 
ting-up (TOF). 

Bit 6 A match has occurred between the FRC _ the OCR 1 
(OCF). 

Bit 7 Defined transition of the timer input signal causes the 
counter to transfer its data to the ICR (ICF). 

The followings are the each bit descriptions. 


Timer Control/Status Register 1 


7 6 §S§ 4 3 #2 +1 = +O 
Ke inc bed al sacs Gis fee So 
Bit O OLVL1 Output Level 1 

OLVL1 is transferred to port 2, bit 1 when a match occurs be- 
tween the counter and the OCR1. If bit 0 of the TCSR2 (OE1). 
is set to ‘‘1”’, OLVLI1 will appear at bit 1 of port 2. 
Bit 1 IEDG Input Edge 
This bit determines which edge, rising or falling, of input sig- 
nal of bit 0 of port 2 will trigger data transfer from the counter to 
the ICR. For this function, the DDR corresponding to port 2, bit 
0 should be cleared beforehand. 
IEDG=0, triggered on a falling edge 
(‘‘High”’ to ‘‘Low’’) 
IEDG= 1, triggered on a rising edge 
(“‘Low”’ to ‘‘High’’) 


$0008 





Bit 2 ETO! Enable Timer Overflow Interrupt 
When this bit is set, an internal interrupt (IRQ,) by TOI inter- 
rupt is enabled. When cleared, the interrupt is inhibited. 
Bit 3 EOCI1 Enable Output Compare Interrupt 1 
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When this bit is set, an internal interrupt (IRQ,) by OCI] in- 
terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 EICI Enable Input Capture interrupt 
When this bit is set, an internal interrupt (IRQ,) by ICI inter- 
rupt is enabled. When cleared, the interrupt is inhibited. 
BitS §$TOF Timer Overfiow Fiag 
This read-only bit is set when the counter increments from 
$FFFF by 1. Cleared when the counter’s MSB byte ($0009) is 
read by the CPU after the TCSR1 read at TOF= 1. 
Bit6 OCF1 Output Compare Flag 1 
This read-only bit is set when a match occurs between the 
OCR1 and the FRC. Cleared when writing to the OCR1 ($000B 
or $000C) after the TCSR1 or TCSR2 read at OCF=1. 
Bit 7 ICF Input Capture Fiag 
This read-only bit is set when an input signal of port 2, bit 0 
makes a transition as defined by IEDG and the FRC is transfer- 
red to the ICR. Cleared when reading the upper byte ($000D) of 
the ICR after the TCSR1 or TCSR2 read at ICF=1. 


@ Timer Control/Status Register 2 (TCSR2) ($O00F) 

The timer control/status register 2 is a 7-bit register. All bits are 
readable and the lower 4 bits are also writable. But the upper 3 bits 
are read-only which indicate the following timer status. 

Bit 5 A match has occurred between the FRC and the OCR2 
(OCF2). 
Bit 6 


Timer Control/Status Register 2 


6 5 4 3 2 1 O 
Kae sa ec lca ll Ea 
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Bit 7 The same status flag as the ICF flag of the TCSR1, bit 7. 
The followings are the each bit descriptions. 


BitO OE1 Output Enable 1 
This bit enables the OLVL1 to appear at port 2, bit 1 when a 
match has occurred between the counter and the output com- 
pare register 1. When this bit is cleared, bit 1 of port 2 will be an 
I/O port. When set, it will be an output of OLVL1 automatically. 
Bit 1 OE2 Output Enable 2 
This bit enables the OLVL2 to appear at port 2, bit 5 when a 
match has occurred between the counter and the output com- 
pare register 2. When this bit is cleared, port 2, bit 5 will be an I/ 
O port. When set, it will be an output of OLVL2 automatically. 
Bit 2 OLVL2 Output Level 2 
OLVL12 is transferred to port 2, bit 5 when a match has occur- 
red between the counter and the OCR2. If bit 5 of the TCSR2 
(OE2), is set to ‘1’, OLVL2 will appear at port 2, bit 5. 
Bit3 EOCI2 Enabie Output Compare interrupt 2 
When this bit is set, an internal interrupt (IRQ,) by OCI2 in- 
terrupt is enabled. When cleared, the interrupt is inhibited. 
Bit 4 Not used 
Bit 5 OCF2 Output Compare Fiag 2 
This read-only bit is set when a match has occurred between 
the counter and the OCR2. Cleared when writing to the OCR2 
($0019 or $001A) after the TCSR2 read at OCF2=1. 
Bit 6 OCF1 Output Compare Flag 1 
Bit 7 ICF input Capture Flag 
OCF1 and ICF are dual addressed. If which register, TCSR1 
or TCSR2, CPU reads, it can read OCF1 and ICF to bit 6 and bit 
a 
Both the TCSR1 and TCSR2 will be cleared during reset. 
(Note) If OE1 or OE2 is set to ‘‘1”’ before the first output com- 
pare match occurs after reset restart, bit 1 or bit 5 of port 2 
will produce ‘‘0”’ respectively. 


HD6303Y Internal Data Bus 









Output Compare 
Register 2 


U 


| Output Compare 2 Output Compare 1 


jf $09, $OA if $OD, $0E 


Figure 22 Timer 1 Block Diagram 
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we TIMER 2 
In addition to the timer 1, the HD6303Y provides an 8-bit re- 
loadable timer, which is capable of counting the external event. The 
timer 2 contains a timer output, so the MPU can generate three in- 
dependent waveforms. (Refer to Fig. 23.) 
The timer 2 is configured as follows: 
Control/Status Register 3 (7 bits) 
8-bit Up Counter 
Time Constant Register (8 bits) 


© Timer 2 Up Counter (T2CNT) ($001D) 

This is an 8-bit up counter which operates with the clock decided 
by CKSO and CKS1 of the TCSR3. The CPU can read the value of 
the counter without affecting the counter. In addition, any value 
can be written to the counter by software even during counting. 

The counter is cleared when a match occurs between the counter 
and the TCONR or during reset. 

If the write operation is made by software to the counter at the 
cycle of counter clear, it does not reset the counter but put the write 
data to the counter. 


© Time Constant Register (TCONR) ($001C) 

The time constant register is an 8-bit write only register. The 
data of register is always compared with the counter. 

When a match has occurred, the counter match flag (CMF) of 
the timer control status register 3 (TCSR3) is set and the value 





selected by TOSO and TOS1 of the TCSR3 will appear at port 2, bit 
6. When CMF is set, the counter will be cleared simultaneously and 
then start counting from $00. This enables regular interrupts and 
waveform outputs without any software support. The TCONR is set 
to ““$FF”’ during reset. 


© Timer Control/Status Register 3 (TCSR3) ($001B) 

The timer control/status register 3 is a 7-bit register. All bits are 
readable and 6 bits except for CMF can be written. 

The followings are each pin descriptions. 


Timer Control/Status Register 3 


7. 6 5 4 3 2 1 +O 
hae eb ba a 


BitO CKSO Input Clock Select 0 
Bit 1 CKS1 Input Clock Select 1 
Input clock to the counter is selected as shown in Table 5 de- 
pending on these two bits. When an external clock is selected, 
bit 7 of port 2 will be a clock input automatically. Timer 2 detects 
the rising edge of the external clock and increments the counter. 
The external clock is countable up to half the frequency of the 
system clock. 


| _HD6303Y internal Data Bus 












ig it Timer! FRC 
' 
= Clock 1 
Constant & Clock : Port 2 
p Counter 
Register i Select Bit 7 
|| | 
i] 
’ 
3 
rr 
© 
s | 
2 ' 
S ' 
ro) ' 
a Output 
Level , Port 2 
Contro Bit 6 


onl [foo fendi foi 


IRQ3 = Se 


Figure 23 Timer 2 Block Diagram 
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Table 5 Input Clock Select selected by CKS1 and CKSO (Table 5) is input to the up counter. 
(Note) P,, outputs ‘“‘0” when T2E bit cleared and timer 2 set in 


output enable condition by TOS1 or TOSO. It also outputs 
CKS1 | cKSO | Input Clock to the Counter “0”? when T2E bit set ‘“1’’ and timer 2 set in output ena- 
Pe) | OL E clock ble condition before the first counter match occurs. 
0 Room il E clock/8° Bit 5 Not Used. 
Bit 6 ECMI Enable Counter Match Interrupt 
1 | 0 | Eclock/128° When this bit is set, an internal interrupt (IRQ,) by CMI is 
1 ae External clock enabled. When cleared, the interrupt is inhibited. 
Bit 7 CMF Counter Match Flag 
* These clocks come from the FRC of the timer 1. If one of these clocks is This read-only bit is set when a match occurs between the up 
selected as an input clock to the up counter, the CPU should not write to counter and the TCONR. Cleared by writing ‘‘0” at CMF= 1 by 
the FRC of the timer 1. software (unable to write ‘‘1”’ by software). 


Each bit of the TCSR3 is cleared during reset. 
Bit 2 TOSO Timer Output Select 0 


Bit 3 TOS1 Timer Output Select 1 gw SERIAL COMMUNICATION INTERFACE (SCI) 

When a match occurs between the counter and the TCONR The Serial Communication Interface (SCI) in the HD6303Y 
timer 2 outputs shown in Table 6 will appear at port 2, bit 6 de- contains the following two operating modes: asynchronous mode by 
pending on these two bits. When both TOSO and TOS1 are ‘‘0”’, the NRZ format, and clocked synchronous mode which transfers 
bit 6 of port 2 will be an I/O port. data synchronously with the clock. In the asynchronous mode, data 

. length, parity bits and number of stop bits can be selected, and eighit 
Table 6 Timer 2 Output Select transfer formats are provided. 
The SCI consists of the following registers as shown in Fig. 24 
: ; alias Diagram. 
10s! Taner Cutput Transmit/Receive Control Status Register 1 (TRCSR1) 

0 fc 1 =e Timer Output Inhibited - Rate/Mode Control Register (RMCR) 

0 . - Transmit/Receive Control Status Register 2 (TRCSR2) 

ae ae e th - Receive Data Register (RDR) 

' es OF. Output “0 - Recevie Shift Register 

1 Output “1” - Transmit Data Register (TDR) 

ae Transmit Shift Register 
* When a match occurs between the counter and the TCONR, timer 2 To operate the SCI, initialize the RMCR and TRCSR2, after 
output level is reversed. This leads to production of a square wave with selecting the desirable operating mode and transfer format. Next, 
50% duty to the external without any software support. set the enable bit (TE or RE) of the TRCSR1. Operating mode and 
transfer format should be changed when the enable bit (TE, RE) is 
cleared. When setting the TE or RE again after changing the operat- 
Bit4 T2E Timer 2 Enable Bit ing mode or transfer format, interval of more than a 1-bit cycle of 
When this bit is cleared, a clock input to the up counter is the baud rate or bit rate is necessary. If a 1-bit cycle or more is not 


inhibited and the up counter stops. When set to ‘“‘1’’, a clock allowed, the SCI block may not be initialized. 


Parity Check 
Generator 
TRCSR2 
| Po | x Receive Shift Register RDRFIORFEIT DRE [pen] — [Pen }eor] sou 





MSB ec 
RORFIORFE TORE Ale | 


‘i (TTT TTT 
HD6303Y INTERNAL DATA BUS 


MSB RMCR 


PTT IT TTT) | CCR ee 
Pa | Transmit Shift Register Bit Rate Timer 1 FRC 
a oe Tamer 


Pas Figure 24 SCI Block Diagram 
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@ Asynchronous Mode os 

Asynchronous mode contains 8 transfer anaes as shown in 
Fig. 25. 

Data transmission is enabled by setting TE bit of the TRCSR1, 
then port 2, bit 4 will unconditionally become a serial output inde- 
pendently of the corresponding DDR. 

To transmit data, set the desirable transmit format with RMCR 
and TRCSR2. When the TE bit is set, the data can be transmitted 
after transmitting the one frame of preamble (‘‘1”’). 

The conditions at this stage are as follows. 

1) If the TDR is empty (TDRE=1), consecutive 1’s are pro- 

duced to indicate the idle state. 

2) If the TDR contains data (TDRE=0), data is sent to the 

Transmit Shift Register and data transmit starts. 

During data transmit, a start bit of ‘‘0”’ is transmitted first. Then 
7-bit or 8-bit data (starts from bit 0) is transmitted. With PEN=1, 
the parity bit, even or odd, selected by EOP bit is added, lastly the 
stop bit (1 bit or 2 bis) is sent. 

When the TDR is ‘‘empty’’, hardware sets TDRE flag bit. If the 
CPU doesn’t respond to the flag in proper timing (the TDRE is in 
set condition till the next normal data transfer starts from the trans- 
mit data register to the transmit sift register), ‘‘1°’ is transferred in- 
stead of the start bit ‘‘0”’ and continues to be transferred till data is 
provided to the data register. While the TDRE is ‘‘1”’, ‘‘0” is not 
transferred. 

Data receive is possible by setting RE bit. This makes port 2, 
bit 3 a serial input. The operation mode of data receive is decided by 





the contents of the TRCSR2 and RMCR at first, and set RE bit of 
TRCSR1. The first ‘‘0”’ (space) synchronizes the receive bit flow. 
Each bit of the following data will be strobed in the middle. If a stop 
bit is not “‘1”’, a framing error assumed and ORFE is set. 

When a framing error occurs, receive data is transferred to the 
Receive Data Register and the CPU can read the error-generating 
data. This makes it possible to detect a line break. 

When PEN bit is set, the parity check is done. If the parity bit 
does not match the EOP bit, a parity error occurs and the PER bit is 
set, not the RDRF bit. Also, when the parity error occurs the re- 
ceive data can be read just like in the case of the framing error. 

The RDRF flag is set when the data is received without a fram- 
ing error and a parity error. 

If RDRF is still set when receiving the stop bit of the next data, 
ORFE is set to indicate the overrun generation. CPU can get the re- 
ceive data by reading RDR. When 7 bit data format is selected, the 
8th bit of RDR is ‘‘0’’. 

When the CPU read the receive Data Register as a response to 
RDRF flag or ORFE flag after having read TRCSR, RDRF or 
ORFE is cleared. 

(Note) Clock Source in Asynchronous Mode 

If CC1:CCO= 10, the internal bit rate clock is provided at P,, 

Arad of the values for TE or RE. Maximum clock rate is 

+16. 

If both CC1 and CCO0 are set, an external TTL compatible clock 

must be connected to P,. at sixteen times (16x ) the desired bit 

rate, but not greater than E. 


(1) [stant STOP 
(2) [start] eitata | 2 STOP 






(3) 


(4) 








renee rerierewnnee: 
(©) [Sam] SSS. 


(8) 








Figure 25 Asynchronous Mode Transfer Format 


® Clocked Synchronous Mode 

In the clocked synchronous mode, data transmit is synchronized 
with the clock pulse. The HD6303Y SCI provides functionally inde- 
pendent transmitter and receiver which makes full duplex operation 
possible in the asynchronous mode. But in the clocked synchronous 
mode an SCI clock I/O pin is only P,., so the simultaneous receive 
and transmit operation is not available. In this mode, TE and RE 
should not be in set condition (‘‘1’’) simultaneously. Fig. 26 gives a 
synchronous clock and a data format in the clocked synchronous 
mode. 
1) Data transmit 

Data transmit is realized by setting TE bit in the TRCSR1. Port 
2, bit 4 becomes an output unconditionally independent of the 
value of the corresponding DDR. 

Both the RMCR and TRCSR should be set in the desirabie oper- 
ating condition for data transmit. 


When an external clock input is selected and the TDRE flag is 
“0”, data transmit is performed from port 2, bit 4, synchronizing 
with 8 clock pulses input from external to port 2, bit 2. 

Data is transmitted from bit 0 and the TDRE is set when the 
Transmit Shift Register (TSR) is ‘empty’. More than 9th clock 
pulse of external are ignored. 

When data transmit is selected to the clock output, the MPU 
produces transmit data and synchronous clock at TDRE flag clear. 
2) Data receive 

Data receive is enabled by setting RE bit. Port 2, bit 3 will be a 
serial input. The operating mode of data receive is decided by the 
TRCSR1 and the RMCR. 

If the external clock input is selected, 8 external clock pulses and 
the synchronized receive data are input to port 2, bit 2 and bit 3 re- 
spectively. The MPU put receive data into the receive data shift reg- 
ister by this clock and set the RDRF flag at the termination of 8 bit 
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data receive. More than 9th clock pulse of external input are ig- 
nored. When RDRF is cleared, the MPU starts receiving the next 
data instantly. So, RDRF should be cleared with P,, ‘“‘High’’. 
When data receive is selected with the clock output, 8 syn- 
chronous clocks are output to the external by setting RE bit. So re- 


(=) Transmit Direction 


HD6303Y 


ceive data should be input from external synchronously with this 
clock. When the first byte data is received, the RDRF flag is set. 
After the second byte, receive operation is performed by sending 
the synchronous clock to the external after clearing the RDRF bit. 


Synchronous | | | | | | | |_| |_| LJ LJ 


clock 


sa jposoh ex \eu2\ ou 3X 0x4 ax sf ex 6) a » WY ZZ not Valid 


* Transmit data is produced from a falling edge of a synchronous clock to the next falling edge. 


¢ Receive data is latched at the rising edge. 


Figure 26 Clocked Synchronous Mode Format 


© Transmit/Receive Control Status Register (TRCSR1) 
($0011) 
The TRCSR1 is composed of 8 bits which are all readable. Bits 0 
to 4 are also writable. This register is initialized to $20 during reset. 
Each bit functions are as follows. 


Transmit/Receive Control Status Register 
7 ; 5 4 3 2 1 (0) 


Bit O WU Wake-up 

In a typical multi-processor configuration, the software pro- 
tocol provides the destination address at the first byte of the 
message. In order to make uninterested MPU ignore the re- 
maining message, a wake-up function is available. By this, unin- 
terested MPU can inhibit all further receive processing till the 
next message starts. 

Then wake-up function is triggered by consecutive 1’s with 1 
frame length. The software protocol should provide the idle time 
between messages. 

By setting this bit, the MPU stops data receive till the next 
message. The receive of consecutive ‘‘1”’ with one frame length 
wakes up and clears this bit by hardware and then the MPU re- 
starts receive operation. However, the RE flag should be already 
set before setting this bit. In the clocked synchronous mode WU 
is not available, so this bit should not be set. 

Bit 1 TE Transmit Enabie | 

When this bit is set, transmit data will appear at port 2, bit 4 
after one frame preamble in asynchronous mode, while in 
clocked synchronous mode it appears immediately. This is ex- 
ecuted regardless of the value of the corresponding DDR. When 
TE is cleared, the serial I/O doesn’t affect port 2, bit 4. 

Bit2 TIE Transmit Interrupt Enable 

When this bit is set, an internal interrupt (IRQ,) is enabled 
when TDRE (bit 5) is set. When cleared, the interrupt is 
inhibited. 

Bit3 RE Receive Enable 

When set, a signal is input to the receiver from port 2, bit 3 
regardless of the value of the DDR. When RE is cleared, the 
serial I/O doesn’t afffect port 2, bit 3. 

Bit 4 RIE Receive Interrupt Enable 

When this bit is set, an internal interrupt (IRQ,) is enabled 
when RDRF (bit 7) or ORFE (bit 6) is set. When cleared, the 
interrupt is inhibited. 





Bit&5 § TORE Transmit Data Register Empty 

TDRE is set by hardware when the TDR is transferred to the 
Transmit Shift Register in the asynchronous mode, while in 
clocked synchronous mode when the TDSR is ‘‘empty’’. This 
bit is cleared by reading the TRCSR1 or TRCSR2 and writing 
new transmit data to the TDR when TDRE=1 TDRE is set to 
‘**1”? during reset. 

Bit6 ORFE Overrun Framing Error 

ORFE is set by hardware when an overrun or a framing error 
is generated (during data-receive only). An overrun error occurs 
when new receive data is ready to be transferred to the RDR 
during RDRF still being set. A framing error occurs when a stop 
bit is ‘‘0”’. But in clocked synchronous mode, this bit is not af- 
fected. This bit is cleared by reading the TRCSR1 or TRCSR2, 
and the RDR, when RDRF=1. ORFE is cleared during reset. 

Bit 7 RDRF Receive Data Register Full . 

RDRF is set by hardware when data is received normally and 
transferred from the Receive Shift Register (RSR) to the RDR. 
This bit is cleared by reading TRCSR1 or TRCSR2, and the 
RDR, when RDRF=1. This bit is cleared during reset. 


@ Transmit Rate/Mode Control Register (RMCR) 

The RMCR controls the following serial I/O: 

- Baud Rate - Data Format 

- Clock source * Port 2, Bit 2 Function 

- Operation Mode 

All bits are readable/writable. Bit 0 to 5 of the RMCR are cleared 
during reset. 


Transfer Rate/Mode Control Register 


7 6 5 4 3.2 1 0 


BitO SSO 
Bit 1 ssi Speed Select 
BitS SS2 


These bits control the baud rate used for the SCI. Table 7 lists 
the available baud rates. The timer 1 FRC (SS2=0) and the timer 2 
up counter (SS2= 1) provide the internal clock to the SCI. When 
selecting the timer 2 as a baud rate clock source, it functions as a 
baud rate generator. The timer 2 generates the baud rate listed in 
Table 8 depending on the value of the TCONR. 

(Note) When operating the SCI with internal clock, do not per- 
form write operation to the timer/counter which is the 
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Table 7 SCI Bit Times and Transfer Rates 


(1) Asynchronous Mode 


rat Zasvemi | ___40MHz 


1628/62500Baud 
128,48/7812.5Baud 

1.024ms/976.6Baud 
4.096ms/244. 1 Baud 
* 








4.9152MHz _ 
1,2288MHz 
13«8/76800Baud 
104.2 «s/9600Baud 
833.3us/1200Baud 
3.333ms/300Baud 

* 























26 »18/38400Baud 
208 s/4800Baud 
1.67ms/600Baud 
6.67ms/150Baud 
* 







* When SS2 is “1’’, Timer 2 provides SCI ciocks. The baud rate is shown as follows with the TCONR as N. 


_ f f : input clock frequency to the 
Baud Rate = 32 (Nt) timer-2 counter 
N=0~ 255 


(2) Clocked Syreiionods N Mode ” 














1 us/bit 





2 us/dit 1.33us/bit 






0 0 16uS/bit 10.7 uS/bit 8us/bit 
Oo 1 128us/bit 85.3uS /it 64,8/bit 
0 1 512us/dit 341 S/bit 256 us/bit 
1 * * * * * * 





* Bit rates in the case of internal clock operation. In the case of external clock operation, the external clock is 
operatable up to DC ~ 1/2 system clock. 


** The bit rate is shown as follows with the TCONR as N. 
Bit Rate (us/bit) = 4 Oey) (' : input clock frequency to *) 


timer 2 counter 
N=0~ 255 


Table 8 Baud Rate and Time Constant Register Example 





* E/8 clock is input to the timer 2 up counter and E clock otherwise. 
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clock source of the SCI. 


Bit2 CCO 
Bit3 CC1 Clock Control/Format Select* 
Bit4 CC2 


These bits control the data format and the clock source (refer to 
Table 9). 

* CCO, CCl and CC2 are cleared during reset and the MPU 
goes to the clocked synchronous mode of the external clock 
operation. Then the MPU automatically set port 2, bit 2 into 
the clock input state. When using port 2, bit 2 as an output 
port, the DDR of port 2 should be set to ‘‘1”’ and CC1 and 
CCO0 to ‘‘0”’ and ‘‘1”’ respectively. 


Bit 6 
Bit 7 


Not Used. 
Not Used 


© Transmit/Receive Control Status Register 2 (TRCSR2) 

The TRCSR2 is a 7-bit register which can select a data format in 
the asynchronous mode. The upper 3 bits are the same address as 
the TRCSR1. Therefore, the RDRF, ORFE and TDRE can be read 
by either the TRCSR1 or TRCSR2. Bits 0 to 2 of the TRCSR2 are 
used for read/write. Bits 4 to 7 are used only for read. 


Transmit/Receive Control Status Register 2 


7 6 § 4 3 2 34 +O 


BitO  SBL Stop Bit Length 
This bit selects the stop bit length in the asynchronous mode. 
If this bit is ‘‘0’’, the stop bit is 1-bit. If ‘1°’, the stop bit is 2-bit. 
This bit is cleared during reset. 
Bit 1 EOP Even/Odd Parity 
This bit selects the parity generated and checked when the 
PEN is ‘‘1”’. If this bit is ‘‘0’’, the parity is even. If ‘‘1°’, it is odd. 
This bit is cleared during reset. 
Bit2 PEN Parity Enable 
This bit decides whether the parity bit should be generated 
and checked in the asynchronous mode or not. If this bit is ‘‘0”’, 
the parity bit is neither generated nor checked. If ‘‘1”’, it is gen- 
erated and checked. This bit is cleared during reset. 
The 3 bits above do not affect the SCI opertion in the clocked 
synchronous mode. 
Bit3 Not Used 
Bit 4 PER Parity Error 
This bit is set when the PEN is ‘‘1” and a parity error occurs. 
It is cleared by reading the RDR after reading the TRCSR2, 
when PER= 1. 
Bit & TDRE 
Transmit Data Register Empty 
ORFE 
Overrun/Framing Error 
RDRF 
Receive Data Register Full 
Each flag of the TDRE, ORFE, and RDRF can be read from 
either the TRCSR1 or TRCSR2. 


Bit 6 


Bit 7 


aw TIMER, SCI STATUS FLAG 
Table 10 shows the set and reset conditions of each status flag in 
the timer 1, timer 2 and SCI. 


Table 9 SCI Format and Clock Source Control 





cco | Format _ 


8-bit data 










CC2_ CC! 



















Clocked Synchronous | External 
















* Clock output regardless of the TRCSR1, bit RE and TE. 
** Not used for the SCI. 


| Clock Source |Port 2, Bit2 | Port 2, Bit3 












0 0 1 8-bit data | Asynchronous Internal 
0 1 0 8-bit data; Asynchronous internal 
0 1 1 8-bit data. | Asynchronous External 
1 0 O | 8-bit data | Clocked Synchronous | Internal 
1 0 1 7-bit data | Asynchronous Internal 
1 1 0 7-bit data | Asynchronous Internal 
1 1 1 7-bit data | Asynchronous External 





Port 2, Bit 4 













Input 
Not Used*” 
Output® 
Input 
Output 

Not Used” ° 
Output* 
Input 





When the TRCSR1, RE bit is "1", 
bit 3 is used as a serial input. 


When the TRCSR1, TE bit is ‘1, 
bit 4 is used as a serial output. 
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Table 10 Timer 1, Timer 2 and SCI Status Flag 


| SetCondition | Clear Condition 


1. Read the P6CSR then read or write the 












P6CSR IS FLAG Falling edge input to Ps, (1S) 
: | , PORT6, when IS FLAG = 1 
2. RES=0 
‘TICE FRC — ICR by Rising or Falling edge input to 1. Read the TCSR1 or TCSR2 then ICRH, 
Poo when ICF = 1 
(Selecting with the IEDG bit) 2 RES=0 











OCF1 ‘OCR1 = FRC 1. Read the TCSR1 or TCSR2 then write to 
the OCR1H or OCRIL, when OCF1 = 1 
2. RES=0 
Timer OCF2 OCR2 = FRC ) | 1. Read the TCSR2 then write to the OCR2H 
1 or OCR2L, when OCF2 = 1 
2. RES=0 
TOF FRC = $FFFF+ 1 cycle 1. Read the TCSR1 then FRCH, when 
TOF = 1 
2. RES=0 
Timer —*«| CMF T2CNT = TCONR | ~ | 4. Write “0” to CMF, when CMF = 1 
2 2. RES=0 
RORF Receive Shift Register — RDR 1. Read the TRCSR1 or TRCSR2 then RDR, | 
. when RORF = 1 
2. RES=0O 
ORFE Framing Error (Asynchronous Mode) 1. Read the TRCSR1 or TRCSR2 then RDR, when 
Stop Bit = 0 ORFE = 1 
Overrun Error (Asynchronous Mode) 2. RES=0 
Receive Shift Register —- RDR when 
SCI RDRF = 1 
| TDRE Asynchronous Mode Read the TRCSR1 or TRCSR2 then write to the 
TDR — Transmit Shift Register TDR, when TORE = 1 
Clocked Synchronous Mode _ | 
Transmit Shift Register is ‘‘empty”’ 
. RES=0 
Parity when PEN= 1 1. Read the TRCSR2 then RDR, when PER= 1 
| 2. RES=0 
(Note) — ; Transfer = ; equal ICRH; Upper byte of ICR OCR1L; Lower byte of OCR1 
OCR1H; Upper byte of OCR1 OCR2L; Lower byte of OCR2 
OCR2H; Upper byte of OCR2 FRCH; Upper byte of FRC 
© HITACHI 
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a LOW POWER DISSIPATION MODE 
The HD6303Y provides two low power dissipation modes; sleep 
and standby. 


@ Sleep Mode 
The MPU goes to the sleep mode by SLP instruction execution. 
In the sleep mode, the CPU stops its operation, while the registers’ 
contents are retained. In this mode, the peripherals except the CPU 
such as timers, SCI, etc. continue their functions. The power dis- 
sipation of sleep-condition is one fourth that of operating condition. 
The MPU returns from this mode by an interrupt, RES or 
“STBY; it goes to the reset state by RES and the standby mode by 
“STBY. When the CPU acknowledges an interrupt request, it cancels 
the sleep mode, returns to the operation mode and branches to the 
interrupt routine. When the CPU masks this interrupt, it cancels 
the sleep mode and executes the next instruction. However, for ex- 
ample, if the timer 1 or 2 prohibits a timer interrupt, the CPU 
doesn’t cancel the sleep mode because of no interrupt request. 


HD6303Y 





© RES Ith 
ST6Y _ | 
A 


HD6303Y 


This sleep mode is effective to reduce the power dissipation for a 
system with no need of the HD6303Y’s consecutive operation. 


© Standby Mode 

The MPU goes to the standby mode with the STBY “Low” or 
by clearing the STBY flag. In this mode, the HD6303Y stops all the 
Clocks and goes to the reset state. In this mode, the power dissipa- 
tion is reduced to several 1A. During standby, all pins, except the 
power supply (Vcc, Vss), the STBY, RES and XTAL (which out- 
puts ‘‘0’’), go to the high impedance state. In this mode, power 
(Vcc) is supplied to the HD6303Y, and the contents of RAM is re- 
tained. The MPU returns from this mode during reset. When the 
MPU goes to the standby mode with STBY ‘‘Low’’, it will restart at 
the timing shown in Fig. 27(a). When the MPU goes to the standby 
mode by clearing the STBY flag, it will restart only by keeping the 
eee for longer than the oscillating stabilization time. (Fig. 
27(b 





Standby Mode © Oacitator, 
O Save Registers Start 
O RAM/Port 5 Control Register Set Time 
Restart 


(a) Standby Mode by STBY 


Vee 


HD6303Y 


Clear 





' 


OSTBY FLAG 


EER 


Standby Mode 


Oo Oscillator! 
Start — 
Time {Restart 


(b) Standby Mode by the STBY Flag 


Figure 27 Standby Mode Timing 
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@ TRAP FUNCTION | 

The CPU generates an interrupt with the highest priority 
(TRAP) when fetching an undefined instruction or an instruction 
from non-memory space. The TRAP prevents the system-burst 
caused by noise or a program error. 


@ Op Code Error 

When fetching an undefined op code: the CPU saves registers as 
well as a normal interrupt and branches to the TRAP ($FFEE, 
S$FFEF). This has the priority next to reset. 


@ Address Error 

When an instruction fetch is made from the address of internal 
register, the MPU generaters an interrupt as well as an op code 
error. But on the system with no memory in its external memory 
area, this function is not applicable if an instruction fetch is made 
from the external non-memory area. Addresses where an address 
error occurs are from $0000 to $0027. 

This function is available only for an instruction fetch and is not 
applicable to the access of normal data read/write. 

(Note) The TRAP interrupt provides a retry function differently 
from other interrupts. This is a program flow return to the 
address where the TRAP occurs when a sequence returns 
to a main routine from the TRAP interrupt routine by 
RTI. The retry can prevent the system burst caused by 
noise, etc. 

However, if another TRAP occurs, the program repeats 
the TRAP interrupt forever, so the consideration is neces- 
sary in programming. 


w@ INSTRUCTION SET 

The HD6303Y provides object code upward compatible with the 
HD6801 to utilize all instruction set of the HMCS6800. It also re- 
duces the execution times of key instructions for throughput im- 
provement. 

Bit manipulation instruction, change instruction of the index 
register and accumulator and sleep instruction are also added. 

The followings are explained here. 

CPU Programming Model (refer to Fig. 28) 

Addressing Mode 


Accumulator and Memory Manipulation Instruction (refer to 


Table 11) 

New Instruction 

Index Register and Stack Manipulation Instruction (refer to 
Table 12) 

Jump and Branch Instruction (refer to Table 13) 

Condition Code Register Manipulation (refer to Table 14) 

Op Code Map (refer to Table 15) 


© Programming Model . 

Fig. 28 depicts the HD6303Y programming model. The double 
accumulator D consists of accumulator A and B, so when using the 
accumulator D, the contents of A and B are destroyed. 


® CPU Addressing Mode 

The HD6303Y provides 7 addressing modes. The addressing 
mode is determined by an instruction type and code. Tables 11 
through 15 show addressing modes of each instruction with the ex- 
ecution times counted by the machine cycle. 

When the clock frequency is 4MHz, the machine cycle time be- 
comes microseconds directly. 
Accumulator (ACCX) Addressing 

Only an accumulator is addressed and the accumulator A or B is 
selected. This is a one-byte instruction. 
immediate Addressing 

This addressing locates a data in the second byte of an instruc- 
tion. However, LDS and LDX locate a data in the second and third 
byte exceptionally. This addressing is a 2 or 3-byte instruction. 
Direct Addressing 

In this addressing mode, the second byte of an instruction shows 


@-Bit Accumuletors A and B 
§ Oy 16-Sit Double Accumwuletor D 


B  tneiox Register (Xx) 
| Stack Pointer (SP) 
Progrem Counter (PC) 


| Condition Code Register (CCR) 


Carry /Gorrow trom MSB 
Over tiow 

Zero 

Negstive 

interrupt 

Healt Carry (From Bit 3) 





Figure 28 CPU Programming Model 


the address where a data is stored. 256 bytes ($0 through $255) can 
be addressed directly. Execution times can be reduced by storing 
data in this area so it is recommended to make it RAM for users’ 
data area in configurating a system. This is a 2-byte instruction, 
while 3 byte with regard to AIM, OIM, EIM and TIM. 

Extended Addressing 

In this mode, the second byte shows the upper 8 bit of the data 
stored address and the third byte the lower 8 bit. This indicates the 
absolute address of 3 byte instruction in the memory. 
indexed Addressing 

The second byte of an instruction and the lower 8 bit of the in- 
dex register are added in this mode. As for AIM, OIM, EIM and 
TIM, the third byte of an instruction and the lower 8 bits of the in- 
dex register are added. 

This carry is added to the upper 8 bit of the index register and 
the result is used for addressing the memory. The modified address 
is retained in the temporary address register, so the contents of the 
index register doesn’t change. This is a 2-byte instruction except 
AIM, OIM, EIM and TIM (3-byte instruction). 
implied Addressing 

An instruction itself specifies the address. This is, the instruction 
addresses a stack pointer, index register, etc. This is a one-byte in- 
struction. 

Relative Addressing 

The second byte of an instruction and the lower 8 bits of the pro- 
gram counter are added. The carry or borrow is added to the upper 
8 bit. So addressing from — 126 to + 129 byte of the current instruc- 
tion is enabled. This is a 2-byte instruction. 

(Note) CLI, SEI Instructions and Interrupt Operation 
When accepting the IRQ at a preset timing with CLI and 
SEI instructions, more than 2 cycles are necessary be- 
tween the CLI and SEI instructions. For example, the fol- 
lowing program (a) (b) don’t accept the IRQ but (c) ac- 


cepts it. 
. . CLI 
CLI ~ CLI NOP 
SEI NOP NOP 
SEI SEI 
(a) (b) (c) 


The same thing can be said to the TAP instruction instead 
of the CLI and SEI instructions. 
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Table 11 Accumulator, Memory Manipulation instructions 


Condition Code 





Addressing Modes 


O] O for fooler jor] oj oo] ©] © e] ela 1a ix ij | - |MiMiw leila] @ le lelelelelelejejele| « joie ® e ee foo 1 
wep feted felt fo fee for fer fer Jor fe |] | fer foe fer fole lo] ~ elelele le lelololala| « fo jx | ele [ele lelelelelelel < 
5 DM SeS0REGSe SOTSes S Sages Sess docs ae ccna osooeessas 
Slo] 2 [~ Jl [oo] [ff [| fe fer Jc ff ow | Joe Jefe foe fone] ow foe [oe [oe [oo J Joo [J [-[[ ~ To [~ | Jo [o fo fo] [~~ [lJ] 8 

fe] — [ofoleloleololelelolololelelele| o lelolelelolel! o leleleloleloleleleleo| o [ele le le lolelele le le lelele| 

jo] = [~|-[o |-[-|-lolelelelelolelele| o je lolelojele] « lolelelelelolelolele! o [ele lo le loleoleleole le le lelo| 


§ 
8 
i 
5 


-8~-8 


characters into BCD format 
A-1-A 

A@M—~A 
8@M- B 

A+1i—-A 

8+1-8 

MA 

M—-8 

M+1-B, M-~A 
AxB8-A:8B 
B+M~ 8 

A — Msp, SP - 1 > SP 

B —~ Msp, SP ~- 1 ~ SP 
SP +1-~- SP. Map- A 
SP +1-- SP, Map 86 

| “oO 

] 

4] : 
8 c 8 


Converts binary add of BCO 


ae 
a 
fe 
Lt | 
a 
& 
ia 
iz 
te 
| 
ed 
| 
| 
ei 
ia 
a 
by 
a 
a 
1 | 
: 
a 
cs 
oF 
a 
a 
a 
| 
| 
| 
E 
711 
a 
ie 
[| 
i 
| 
| 
| du 
Via 
18 


wi Splsiele Pete eee e eee easter ieee eect ie ere 


pas A 
i]s |slelo! [slelsiz(slel*| | [siz] [el | lel | | ist | felelel | diel el] [sis] | UT fel | fel | | 
pe falta [oleafalefefvtel | fete} fel | fel | | fol | fefotet | feolele [ [eofet [TT [el T [xl [| 
Pt felefo! [elelelelelelo! Tele) fol | fo} TT fel | fefefo) | fefef om | tele] | | fel | fel 


SPSS ees eee est es es ee et 3 


ADOD 
CLRA 
CLRB 
DECB 
INCB 

_LOAA 
LOAB 


Qa 
o 
ad 


ADOB 
ANDB 
BITA 
BIT B 
CLA 

_NEGB 
DAA 
EORB 


MUL 
[one 
| PSHA 

PSHB 
rua] 
| ROL 
[| ROR | 

RORA 

RORSB 


| 88 | 
[ce | 
Add Double C3 | 
Add Accumutators ae 
Add With Carry go | 
[co | 
8 | 
C4 | 
85 | 
ca 
Los 
iam 
= 
[81 | 
. 
_ 
= 
feae! 
| 
= 
| (e 
Decimal Adjust, A z 
Decrement | = 
fad 
| | i 
88 | 
C8 | 
= 
z= 
ae 
je | 
a 
ee 
8A | 
[CA 
cet] 
- 
if 
nie 
za 
ee 
ed 
bt 
ee 
ame 
(Note) Condition Code Register will be explained in Note of Table 14 


Exclusive OR 
increment 


Multiply Unsigned | 


ANO 

Bit Test 

Clear 

Compere 
Compare 
Accumulators 
Complement, 1's 
Complement, 2's 
(Negaete) 
Accumulator 

, ae : 
Accumulator 
OR, tnactusive 
Push Deta 

Pull Oete 
Rotate Left 
Rotete Right 


Operations 
Add 
Load 
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Operations 


“Shift Left 


Arithmetic 


Deuble Ghift 
belt, Arithmetic _ 


Grift Right 
pital 


Shift Right 
Logica! 


Double Shift 
Right Logical 
Store 
Accumulator 
Store Double 
Accumulator 
Subtract 


Double Subtract 


Subtract 
Accurnuletors 


Subtract 
With Carry 


Transfer 


Accumulators 


Test Zero or 
Minus 


And immediate 
OR Immediate 

EOR immediate 
Test immediste 





Table 11 Accumulator, Memory Manipulation instructions 














ddresing Modes Condition Code 

“wan [oinecr_[ woax_[exrano [ impui OOBHOE 

| ]~|e}or]~ ls ]or|~ |e or ]~]e jor] ~]e OOOGUE 
CC OoogOD 
ee eel 


fe ~ ele or 






| oe cones | ciate 
‘ . . = 
© o 

monk Ame a = 


ee en RE En TECH RCRTLR Bete eae! fololsis Ole 
OC CC 1 
Pega fear sooo elo [al Or 
Tiss Tt] TTT ty ite feferare@re 
re eps BOUoCE 
adn : 1 Be Ae Be is | CT a 

| stan | | | for [a [2 far{a fa er [els tT ane Te fos Ts [ale 
| staat | jo7{s fate |e la ier [ois] [| fe-mw eo fo ts Ta [aye 
sro | | | fools fz feo[s|z|rofs(s| | | [ezmer fe fe fe | [als 
susa feo [aa loo [ale {aola]z fooleis [| fa-m-a ef ef 
|_sues_|col2[2/oo/3 j2feo|4{2iroiei3| | | je-m~8 fo folsis [sis 
ae Cee 
Ls SRR RCOO Ce 

| seca [ez [2{2 [92/3 |2[azi4[2[ez[e[3] | [ [a-m-c-a_ [elo [s[s[e]s 
| _saca | c2| 2/2 |02/3 |2/e2) 4/2 ]F2/4|3{ | | |e-m-c-8 OORMRRE 
7 Oe OEIC 
YS Ee ee COICO 
[rst | oT | | | feofel2jrolfeis; | | [m-oo =f Jo [ss [Ria 
| owstra | Tt] ] Tt] Tt | feofs [i fa-00 fe fo [e]s [air 
| tsa | | tt tT tt tT tT | soft iife-o0 oles ie irir 
Lam oT |  afelafenfz(3] TTT Tt [Mimmam  fele[tir [ale 
| om || | 72tetsiezi7/3] | Tt tf [M+imm-m  leleltit[rie 
| em tt | fsfelaies}7i3] | |] [| [ummm felels Ts [ale 
Pm | Tt yeletstesfstat TTT Tt [wwe lele|t{r|ale 


(Note) Condition Code Register will be explained in Note of Table 14. 
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@ Additional Instruction 
In addition to the HD6801 instruction set, the HD6303Y pre- 
pares the following new instructions. 
AIM (M)-(IMM) — (M) 
Executes ‘SAND’’ operation to immediate data and the 
memory contents and stores its result in the memory. 
OIM (M)+ (IMM) — (M) 
Executes ‘‘OR”’ operation to immediate data and the memo- 
ry contents and stores its result in the memory. 
EIM (M) @ (IMM) — (M) 
Executes ‘‘EOR”’ operation to immediate data and the 
memory contents and stores its result in the memory. 


esoeoereseeeeces 


ooevreeaeeeane 


eee eaereeereve 


HD6303Y 


TIM (M)-(IMM) 
Executes ‘‘AND”’ operation to immediate data and changes 
the relative flag of the condition code register. . 
These are the 3-byte instructions; the first byte is op code, the 
second immediate data and the third address modifier. 


ooo reese eee 


XGDX ......... (ACCD)— (IX) 
Exchanges the contents of accumulator and the index regis- 
ter. 

SLP 


Goes to the sleep mode. Refer to ‘‘LOW POWER DISSIPA- 
TION MODE” for more details of the sleep mode. 


Table 12 Index Register, Stack Manipulation Instructions 


Addressing Modes 


Fimmeo. [ DIRECT [ iNDEX [EXTEND [iMPLiED | 


Pointer Operations 





Compare index Rea | cex jac |3[3|9c [4]? lac{s|2|ecis|3| | | rele 
Decrement index Reg | O€x | | {| | ot tt ttt | ft foo tt poe e 
Decrement Steck Pree | O€S | | | | ft | | ttt | | fae de is Kaci 
increment tocex Reg | NX | TT TE Pt fost ej eer] 
Increment Stack Pntr | INS TT | Tt TE pa peeye |e 
Loed Index Reg Lox [ce}3{3/oe | 4 {2 lee |s{2irels ia] | | [M=xXw (Men x Lele las [Ale 
Loed Stack Ptr | Los [ae [3 [3 {oe ja [2 lacisi2ieeis/3| | | [M~sPu. (Metis [ele /a/t [Re 
Store index Reg | sTx || | [or [a}2ler{s|2ire|s|3] | | [xu Mx ime) Lo lol 7|s [Alo 
Store Steck Pntr_ | sts ||| for [4 [2far{s|2ier|s/3] | | [sea—m.se.~ ime) [elo]? [3 [Alo 
index Reg Suck Par] TxS TT TT Tt tT ttt fy fast fyix-1-s  Tefefetelele 
Stock Prev index Reg] Tsx TTT TT Tr TT Tf 30s ft [sper x efefelelefe 
Add eae ae se ree ee OOO Ce 
Push Data X_ + My, SP-1- SP @ 
ei nee PET 
Pull Date PULX | SP + 1 SP, May Xy e 
ET TP eens PP 
Exchange pxGox T tity te te tt ele ti faccom  Jefefelefele 


(Note) Condition Code Register will be explained in Note of Table 14. 
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Table 13 Jump, Branch instruction 







"Condition Code 


Branch Never ean: 










“Branch I" Carry Clear | acc |a4|3i2| | CEC es 

_Sranch if Corry Set | OCS oR  ponfebemfebetmetefndencbd Gat : 

_Braneh if > Zero ETE TT hee tel e 
Branch If > Zero ae fag ay ppd fad papafenper vice feet et e 

_Branch If Higher | att it pfoentnte pom “topos fo lele le lele 





Branch If < Zero [elejelelele 


come ae 0m 


aes i<2ero =| BLT | 20) at fe [eo je lele 





__ Branch If Minus | eM! [28 fejelelele 


ree foe ere eet es 
ieee IO O30 





~ Branch If Overflow Set] BVS | { {| {| [vet  __iele| 
__Branch if Plus EG 4 Oe A BEE 6 
Brench To Subroutine | sm (soisi2] | | | | | | | {| tt je |e |e fe [ele 

Jump ee Ue |e fe Je Je je le 
Jump To Subroutine | JSR =| | =| =(j90/6 [2 |AO|5 [2 |eo/6 [3] | | Saab e 
no overation =| wor | 1 | | iT | tt | | fo de|s [ongmemrorcoe Lele le Jo lo) 
Return From interruot] ATi | | | | | | | | | | | | [38 |soly | — © 
meee Ee GRE RES OE + |e [ee |e [* 
Subroutine 

“Software interrupt | SWI | | ry] yt Tt tf [jae fats | |e |S |e |e jeje 
Wait for Interrupt® ee ee a je |e Je je je 
ES ESC ID OD DO ES OD 0 OOO OOO 


(Note) * WAI puts R/W high; Address Bus goes to FFFF; Data Bus goes to the three state. 


Condition Code Register will be explained in Note of Table 14. 
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Table 14 Condition Code Register Manipulation Instructions 





Condition Code Register 
Goeewicins Boolean Operation fs}a]3]2]1 Io 
pop | ~ |# | FHL iin izi[viec 
Clee Carry ee ee o-c pete ltelele|n 
Cleer interrupt Mesk CLI foe [1 ft | o-) fej[Aleoelelele 
Cleer Overtlow |—_aw ___foa ta fi {ery ° 
Set Carry psec fos | 1=C pete lelelels 
Set Interrupt Mask Ee Oc Oe ed 
Set Overtiow p——Sev foe ta pe tay pe ed ° 
AccumulstorA~CCR | TAP | 06 A- CCR oS 
CCR = Accumulator A TPA Tor | 1 [1 | CCR A felejelele je 
LEGEND CONDITION CODE SYMBOLS 
OP Operation Code (Hexadecimal) H  Half-carry from bit 3 to bit 4 
~ Number of mcu Cycles 1 = Interrupt mask 
Msp Contents of memory location pointed by Stack Pointer N Negative (sign bit) 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V = Overflow, 2’s complement 
- Arithmetic Minus C  Carry/Borrow from/to bit 7 
© Boolean AND R= Reset Aiways 
+ Boolean Inclusive OR S Set Always 
@ Boolean Exclusive OR + = Set if true after test or clear 
M Complement of M ® Not Affected 
> Transfer into 
0 Bit = Zero 
QO Byte = Zero 


(Note) Condition Code Register Notes: (Bit set if test is true and cleared otherwise) 
















) (BitV) Test: Result = 100000007 
@ (Bit C) Test: Result § 00000000? 
@ (Bit C) Test: BCD Character of high-order byte greater than 10? (Not cleared if previously set) 
@ (Bit Vv) Test: Operand = 10000000 prior to execution? 
© (Bit V) Test: Operand = 01111111 prior to execution? 
® (Bit V) Test: Set equal to N@ C = 1 after the execution of instructions 
@ (BitN) — Test: Result less than zero? (Bit 15=1) 
(All Bit) Load Condition Code Register from Stack. 
@) (Bit 1) Set when interrupt occurs. !f previously set, a Non-Maskable Interrupt is required to exit the wait state. 
@®) (Al Bit) Set according to the contents of Accumulator A. 
Q) (BitC) Result of Multiplication Bit 7=1? (ACCB) 
Table 15 OP-Code Map 
1 mo 
a | 8 Aw aie ok | mao | O'R | IND | 
[—|sea [era [rsx [NEG 
[Nop [cea [ern [ins [om 
lL [| [ont [put MS 
L— |-—J|es jpus; == com SuBo | CODD 
LSRD |_| Bcc | oes | LSR ANO 4 | 
pAsLo | ——[ecs [xs | Mt 
TAB | ONE [PSHA; ROR LDA 6 | 
TPA | Tea | EO _| PSHE | a ad 
[eve] CT ORSCSCSCSCS 
,- 
Deh ie ON ee es AD 
ey. eee 
ec 
| STC SR | SR TOC 
LOS LOX  € | 
Le ee SS ee mee 
pes is tatete}ojetlr | 


UNDEFINED OP CODE (27) 
* Only each instructions of AIM, OIM, EIM, TIM 
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HD6303Y 


mw CPU OPERATION 
© CPU instruction Fiow 
When operating, the CPU fetches an instrution from a memory 
and executes the required function. This sequence starts with RES 
cancel and repeats itself limitlessly if not affected by a special in- 
struction or a control signal. SWI, RTI, WAI and SLP instructions 
change this operation, while NMI, IRQ,, IRQ,, IRQ,, HALT and 
control it. Fig. 29 gives the CPU mode transition and Fig. 30 
the CPU system flow chart. Table 16 shows CPU operating states 






Active 


and port states. 


© Operation at Each Instruction Cycle 

Table 17 shows the operation at each instruction cycle. By the 
pipeline control of the HD6303Y, MULT, PUL, DAA and XGDX 
instructions, etc. prefetch the next instruction. So attention is nec- 
essary to the counting of the instruction cycles because it is different 
from the usual one—from op code fetch to the next instruction op 
code. 





Sleep 
Mode 


Figure 29 CPU Operation Mode Transition 


Table 16 CPU Operation State and Port, Bus, Control Signal State 


Port Sleep 
Ce Ca 
Pon Keep Koop 
=D) i 
Pons Koop 
Pon Keep Koop 


°1 RD, WR, 2/W, CIR = H, BA=L 
/ °2 RD, WR, R/W = 7,0, BA=H 
*3 E pin goes to high impedance state. 
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py] Bouewly 1ydeyH 


OOE8-SEr (80) © LELSE WO ‘@sof ues e anuary 2001.0 0122 


LOC 


IHOVLIH © 









VECTORING 
L_FFFE. FRFF 





EXECUTE 


(Note) 1. The program sequence will come to the RES start from 
any place of the flow during RES. When STBY=0, the 
sequence will go into the standby mode regardless of the CPU 
condition. 


2. Refer to ‘FUNCTIONAL PIN DESCRIPTION” for more 
details of interrupts. 


INTERRUPT REQUEST FLAGS. 
CLEAR EXCEPT NMI 


Figure 30 HD6303Y System Flow Chart 
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Address Mode & 





Instructions 
EXTEND 

JMP 

ADC ADD TST 
AND BIT 
CMP EOR 
LDA ORA 
SBC SUB 
STA 

ADDD 

CPX LOD 
LOS LDX 
SUBD 

STD STS 
STX 

JSR 

ASL ASR 
COM —DEC 
INC LSR 
NEG ROL 
ROR 

CLR 
262 





owe [WW] |] 














Op Code Address + 1 


| 0 
Op Code Address +2 0) 
Jump Address Oo | 


Op Code Address + 1 
Op Code Address+2 


Address of Operand 
Op Code Address +3 





Op Code Address + 1 
Op Code Address+ 2 
Destination Address 
Op Code Address+3 
Op Code Address + 1 
Op Code Address+2 
Address of Operand 
Address of Operand+ 1 
Op Code Address+3 
Op Code Address + 1 
Op Code Address +2 
Destination Address 
Destination Address + 1 
Op Code Address+3 
Op Code Address + 1 
Op Code Address +2 
FFFF 

Stack Pointer 

Stack Pointer —1 
Jump Address 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 
FFFF 

Address of Operand 
Op Code Address+3 
Op Code Address + 1 
Op Code Address +2 
Address of Operand 
Address of Operand 
Op Code Address+3 














































© HITACHI 


Oo 


ooooQqo~-00 ooo 
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0 
0 
0 
1 
0 








Hil 








Data Bus 


Jump Address (MSB) 

Jump Address (LSB) 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) — 
Operand Data 

Next Op Code 


Destination Address (MSB) 
Destination Address (LSB) 
Accumulator Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (MSB) 
Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code 

Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 

00 

Next Op Code 


(Continued) 
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Address Mode & eg \AJ Tin 





ABA ABX Op Code Address + 1 
ASL ASLD 

ASR CBA 

CLC CLI 

CLR CLV 

COM DEC 


DES DEX 


IMPLIED 
INC INS 
INX LSR 


ROR NOP 
SEI SEV 
TBA TPA 
TXS 


LSRD ROL 

SBA SEC 

TAB TAP 

TST TSX 

DAA XGDX (ae paca Code Address + 1 
20a enol 

PULA PULB Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Op Code Address + 1 

FFFF 

Stack Pointer 

Op Code Address + 1 

Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Stack Pointer+2 

Op Code Address + 1 

FFFF 

Stack Pointer 

Stack Pointer —1 

Op Code Address + 1 

Op Code Address + 1 

FFFF 

Stack Pointer + 1 

Stack Pointer +2 

Return Address 

Op Code Address + 1 

FFFF 

FFFF 

FFFF 

FFFF 

FFFF 


PSHA PSHB 


- ge 













PSHX 






RTS 


MUL | 
7 





















HD6303Y 


Data Bus 


TI : 


Restart Address (LSB) 
Next Op Code 
Restart Address (LSB) 


Data from Stack 


Next Op Code 
Restart Address (LSB) 
. Accumulator Data 
Next Op Code 
| Next Op Code 
Restart Address (LSB) 
Data from Stack (MSB) 
Data from Stack (LSB) 


Next Op Code 
Restart Address (LSB) 
Index Register (LSB) 
Index Register (MSB) 
Next Op Code 
(6) Next Op Code 
1 Restart Address (LSB) 
0 Return Address (MSB) 
‘@] Return Address (LSB) 
0 First Op Code of Return Routine 


0 Next Op Code 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 
Restart Address (LSB) 

_ Restart Address (LSB) 
Restart Address (LSB) 


' (Continued) 
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Table 17 Cycle-by-Cycie Operation 
[women [ow] we [we | ow 


Op Code Address + 1 
Op Code Address +2 


Op Code Address + 1 = 
Op Code Address +2 
Op Code Address + 3 | | 


~ Address Mode & 
Instructions 






Data Bus 















IMMEDIATE 





Operand Data __ 
Next Op Code 





Operand Data (MSB) 
Operand Data (LSB) 









Next Op Code 
DIRECT 
ADC ADD Op Code Address + 1 Address of Operand (LSB) 
AND BIT Address of Operand Operand Data 
CMP EOR Op Code Address +2 Next Op Code 
LDA ORA 
SBC SUB 


Destination Address 
Accumulator Data 

Next Op Code | 
Address of Operand (LSB) 
Operand Data (MSB) 
Operand Data (LSB) 

Next Op Code 

Destination Address (LSB) 
Register Data (MSB) 
Register Data (LSB) 

Next Op Code 

Jump Address (LSB) 
Restart Address (LSB) 
Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
immediate Data 

Address of Operand (LSB) 
Operand Data 

Next Op Code 

Immediate Data 

Address of Operand (LSB) 
Operand Data 

Restart Address (LSB) 
New Operand Data 

Next Op Code | 


(Continued) 





STA 
Op Code Address + 1 


ADDD CPX 

LOD LDS | Address of Operand 

LOX SUBD | aaa ‘Address of Operand+1 
Op Code Address +2 

STD STS 

: Bi 


Op Code Address + 1 
TIM 











Destination Address _ 
Destination Address + 1 
Op Code Address +2 
Op Code Address + 1 
FFFF 

Stack Pointer 

Stack Pointer — 1 
Jump Address 
Op Code Address +1 
Op Code Address+ 2 
| Address of Operand 


a Op Code Address+3 
AIM EIM 
OIM 























Op Code Address + 1 
Op Code Address +2 
Address of Operand 

FFFF 

Address of Operand 

Op Code Address +3 
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Address Mode & 
instructions 









com] [cme [ew ww 





































INDEXED 
JMP Op Code Address + 1 0 Offset 
pa] ror pif d fa ior Rearaciss 
Jump Address First Op Code of Jump Routine 
ADC ADD Op Code Address + 1 Offset 
AND BIT FFFF Restart Address (LSB) 
CMP EOR IX + Offset Operand Data 
LDA ORA Op Code Address +2 Next Op Code 
SBC SUB 
TST 
STA Op Code Address + 1 Offset. 
FFFF Restart Address (LSB) 
IX + Offset Accumulator Data 
Op Code Address +2 Next Op Code 
ADDO ¢ Offset 
CPX LOD Restart Address (LSB) 
LOS LOX IX + Offset Operand Data (MSB) 
SUBD IX + Offset + 1 Operand Data (LSB) 
Op Code Address +2 Next Op Code 
STO STS Op Code Address + 1 Offset 
STX Restart Address (LSB) 
IX + Offset Register Data (MSB) 
IX+Offset+ 1 Register Data (LSB) 
Op Code Address +2 Next Op Code 
JSR Op Code Address + 1 Offset 
FFFF Restart Address (LSB) 
Stack Pointer Return Address (LSB) 
Stack Pointer — 1 Return Address (MSB) 
IX + Offset First Subroutine Op Code 
ASL ASR Op Code Address + 1 Offset 
COM DEC FFFF Restart Address (LSB) 
INC LSR IX + Offset Operand Data 
NEG ROL Restart Address (LSB) 
ROR IX + Offset New Operand Data 
OP Code Address+ 2 Next Op Code 
TIM Op Code Address + 1 ‘e) immediate Data 
Op Code Address +2 0 Offset 
1 Restart Address (LSB) 
IX + Offset ¢) Operand Data 
Op Code Address +3 QO | Next Op Code 
CLR Op Code Address + 1 Offset 
FFFF | Restart Address (LSB) 
IX + Offset Operand Data 
1X + Offset 00 
Op Code Address + 2 Next Op Code 
AIM EIM Op Code Address + 1 (e) 1 Immediate Data 
OIM Op Code Address + 2 0 1 Offset 
FFFF 1 1 Restart Address (LSB) 
IX + Offset e) 1 Operand Data 
FFFF 1 1 Restart Address (LSB) 
IX + Offset 1 Oo New Operand Data 
Op Code Address +3 OQ 1 Next Op Code | 
(Continued) 
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Address Mode 
_Instructions 

































































ce E | omen [ww] we 






























IMPLIED . . 
WAI ~ 1 | Op Code Address+1 1 Next Op Code | 
2 | FFFF | 1 Restart Address (LSB) 
3 Stack Pointer 0 Return Address (LSB) 
4 Stack Pointer — 1 0 Return Address (MSB) 
_ § | Stack Pointer —2 0 Index Register (LS8) 
6 Stack Pointer —3 0 Index Register (MSB) 
7 Stack Pointer —4 0 Accumulator A 
8 Stack Pointer —5 0 Accumulator B 
9 Stack Pointer —6 0 Conditional Code Register 
RTI 1 Op Code Address + 1 0 | Next Op Code 
2 FFFF 1 Restart Address (LSB) 
3 Stack Pointer + 1 0 Conditional Code Register 
4 Stack Pointer +2 O Accumulator B 
5 Stack Pointer +3 O- Accumulator A 
6 Stack Pointer +4 0 index Register (MSB) 
7 Stack Pointer +5 0 Index Register (LSB) 
8 Stack Pointer +6 0 Return Address (MSB) 
9 Stack Pointer +7 0 Return Address (LSB) 
10 Return Address 0 First Op Code of Return Routine 
Swi 1 Op Code Address + 1 1 (e) 4 | Next Op Code 
2 FFFF 1 1 1 Restart Address (LSB) 
3 Stack. Pointer 0 1 0 Return Address (LSB) 
4 Stack Pointer —1 0 1 0 Return Address (MSB) . 
5 Stack Pointer —2 0. 1 ) Index Register (LSB) 
6 Stack Pointer —3 0 1 0 Index Register (MSB) 
7 Stack Pointer —4 0 1. 0 Accumulator A 
8 Stack Pointer —5 0 1 0) Accumulator B 
9 Stack Pointer —6 O 1 0 Conditional Code Register 
10 Vector Address FFFA 1 0 1 Address of SWI Routine (MSB) 
11. | Vector Address FFFB 1 Le) 1 Address of SWI Routine (LSB) 
| 12 | Address of SWI Routine A 0 1 First Op Code of SWi Routine 
SLP 1 Op Code Address + 1 1 0 a) | Next Op Code 
2 FFFF 1 1 1 Restart Address (LSB) 
L | | | 
3 FFFF 1 1 1 1 Restart Address (LSB) 
4 | Op Code Address+1 1 0 1 Oo Next Op Code 
RELATIVE 
BCC BCS Op Code Addresst+1 | Branch Offset 
BEQ BGE FFFF Restart Address (LSB) 
BGT BHI Branch Address: ::-:-Test="1" First Op Code of Branch Routine 
BLE BLS Op Code Address + 1---Test="0" Next Op Code 
BLT BMT 
BNE BPL 
BRA BRN 
BVC BVS 
BSR ; Op Code Address + 1 1 Offset | 
FFFF 1 Restart Address (LSB) 
Stack Pointer 0 Return Address (LSB) 
Stack Pointer — 1 0 Return Address (MSB) 
|_ Branch Address _ | 1 | First Op Code of Subroutine 
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® PRECAUTION TO THE BOARD DESIGN OF OSCILLA: 
TION CIRCUIT 
As shown in Fig. 31, there is a case that the cross talk dis LZ, in this area. 
turbs the normal oscillation if signal lines are put near the ALLEL Ti 
oscillation circuit, When designing a board, pay attention to: 
this. Crystal and Cy must be put as near the HD6303Y as 
possible. 









HD6303Y 
HD6303Y 


Do not use this kind of print board design. 


Figure 31 Precaution to the boad design (Top View) 
of oscillation circuit 


HD6303Y 


Aveid signal lines 


Figure 32 Example of Oscillation Circuits in Board Design 


® RECEIVE MARGIN OF THE SCI 


Receive margin of the SCI contained in the HD6303Y is 


shown in Table 18. 
Note: SCI = Serial Communication Interface 







Table 18 
Bit distortion Character 
tolerance distortion tolerance 
(t—to) /to (T—To) /To 









HO6303Y +43.7% +4.37% 


START 1 2 3 4 5 6 7 8 STOP 
Bit length eto} 
Character length To 


J A it 


Ideal Waveform 
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HD6305X2,HD63A05X2,HD63B05X2 — 
HD6305Y2,HD63A05Y2,HD63B05Y2 
CMOS MPU (Micro Processing Unit) 


The HD6305X2 and the HD6305Y2 are CMOS 8-bit micro 
processing units which contains a CPU, a clock generator, 
RAM, I/O terminals, two timers, and a Serial Communication 
Interface (SCI). The memory space is expandable up to 16k 
bytes externally. 

The HD6305X2 and the HD6305Y2 provides the equi- 
valent functions as the HD6305X0 and the HD630SY0 except 
for the number of I/O terminals. 


® HARDWARE FEATURES 


e 8-bit based MPU 
e 128-bytes of RAM (HD6305X2), 
256-bytes of RAM (HD6305Y2) 
e A total of 31 terminals, including 24 I/O's, 7 inputs 
e Two timers 
— 8-bit timer with a 7-bit prescaler (programmable prescaler; 
event counter) 
— 15-bit timer (multiplexed with the SCI clock divider) 


e On-chip serial interface circuit (synchronized with clock) 
eSix interrupts (two external, two timer, one serial and one 
software) 
e Low power dissipation modes 
— Wait .... In this mode, the clock oscillator is on and the 
CPU halts but the timer/serial/interrupt func- 
tion is operatable. 
— Stop.... In this mode, the clock stops but the RAM 
data, I/O status and registers are held. 
— Standby... In this mode, the clock stops, the RAM data 
is held, and the other internal condition is 


reset. 
e Minimum instruction cycle time 
— HD6305X2/Y2 .... 1 us (f = 1 MHz) 


— HD63A05X2/Y2... 0.67us (f = 1.5 MHz) 
— HD63B05X2/Y2 ... 0.5 us (f = 2 MHz) 
e Wide operating range 
Vcc = 3 to 6V (f = 0.1 to 0.5 MHz) 


— HD6305X2/Y2..... f = 0.1 to 1 MHz (Voc =5V+ 10%) 
— HD63A05X2/Y2 .... f= 0.1 to 1.5 MHz(Vcc = 5V + 10%) 
— HD63B05X2/Y2 .... £=0.1 to 2 MHz (Vcc =5V+t 10%) 


@ System development fully supported by an evaluation kit 

@ Compatibility with the HD6305X0 and the HD6305Y0 
except for external memory expansion and the number of 
1/O terminals. 





HD6305xX2P, HD63A05X2P, HD63B05X2P, 
HD6305Y2P, HD63A05Y2P, HD63B05Y2P 


(DP-64S) 
HD6305X2F, HD63A05X2F, HD63B05X2F, 


HD6305Y2F, HD63A05Y2F, HD63B05Y2F 


(FP-64) 


® SOFTWARE FEATURES 

e Similar to HD6800 

e Byte efficient instruction set 

e Powerful bit manipulation instructions (Bit Set, Bit Clear, and 
Bit Test and Branch usable for all RAM bits and all 1/O 
terminals) . 

eA variety of interrupt operations 

e Index addressing mode useful for table processing 

eA variety of conditional branch instructions 

e Ten powerful addressing modes 

e All addressing modes adaptable to RAM, and 1/O instructions 

@ Three new instructions, STOP, WAIT and DAA, added to the 
HD6805 family instruction set 
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HD6306X2/HD6306Y2 


®# PIN ARRANGEMENT (Top View) 
@ HD6305X2P, HD63A08X2P, HD63B08X2P ® HD6305X2F, HDESA0BX2F, HD63B0BX2F 


HD630BY2F, HDG3A0BY2F, HD63B06Y 2F 


HD6308Y2P, HD63A0BY2P, HD63BOBY 2P 




























v F| dp €ccécidédd 
PEW Y he hee fe fm 
mF : 7 A . 4 4 4 4 4 
TAL ES Ala niele alls olGlelae 
exta. CB TIMER] 1 { 161] DATAs 
Ae 3 146] 8 
As| 4 4a] A/V 
Ag | 6 | | 47] ADR, 
Aal_6| 46] ADR,, 
Aal_7) 45] AOR,, 
Ay 8 | | 44 | ADRio 
Aol 9 | 143] ADR, 
B,[ 10] [42] ADRa 
Bel11} 141] AOR, 
Bs/ 12] |40] ADR, 
Ba [13] 39] ADR, 
Ba| 14) 138] ADRs 
| B21 16] [37] AOR, 
C,/Tx Oe i B; 16 | ADR 
Ce/Rx W. = INT; 2 ‘ 
Cy /CK BY r Bol17, 135] AOR, 
js: Cy /Tx [18] 34] ADRo 
Ceo /Rx [19] 33 | D7 
STASIS 8) [8] [8] [8] [8118] [51S 
b S636 S666 BAGAGS lz 
> 2 
3 a 
XTAL EXTAL R/W 
® BLOCK DIAGRAM RES NUM INT  STBY 
: aes Miscella- 
me ae = 
7 8 Counter neous 
Register 
Accumulator 
Ao - 8 A D, 
A  @ PU 
Port A A; Fs 2 index tiene - ents 
1/0 A; a2 om) g Register , as Ds 
Perminey, «4 st eel eS Ds Port D 
As as Condition Code © 2 . Input 
ss = 5 Register an D, _ Terminals 
Stack 
6 Pointer sp 
Bo Program 
. gt “High ADR 
Port B B, as|irs s saa o AOR 
1/0 Bs; raf 2 os GaP. Program = eas 
Terminals 9 ois Counter @ ADA, 
Bs tr 18s 8 “Low” PCL 3 
Be ag $ ADR, 
8, = AOR, 
o ADRs 
co] ADRs; 
o AOR, 
< ADR; 
Co : ADR, 
Port C C,—- 2 9 = ADR, 
Vo C2 os;irs * ADR, 
Terminals: C; tz og BAN 
_. Ce és 2. 
C4/CK as 
ra i & aes . 
C/T ~ *HD6305X2; 128x8 RAM BAT 
HD6305Y2; 256X8 RAM 3 s | cae 
AES 25 | DATA; 
i 6 Serial oo 
Control | a nal 
Register DATA, 
tatus 
egister 
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& ABSOLUTE MAXIMUM RATINGS 


“Item = Symbol Unit 
Operating Temperature i | | Tope 7 °¢ 
| Cc 


Storage Temperature T stg -55 ~ +150 ss 


[NOTE] These products have a protection circuit in their input terminals against high electrostatic voltage or high electric fields. Notwithstanding, 
be careful not to apply any voltage higher than the absolute maximum rating to these high input impedance circuits. To assure normal 


operation, we recommended Vin, Vout: Vss S (Vin OF Vout) S Vec- 


@ ELECTRICAL CHARACTERISTICS | 
© oC CHARACTERISTICS (Vee = 5.0V 110%, Vss = = OV, Ta=0~ +70°C, unless otherwise noted.) 


Item | Symbol 


RES, STBY Voc-0.5 
Vecx0. 7 


y 


ne) 


V .+0.3 


Vee 
Vec i. 3 


input “High” Voltage | EXTAL 
Other Inputs: 


Input ‘‘Low” Voltage | All Inputs Fee 


WwW 


Output “High” Voltage} All Outputs 


= 


" 
Oo 
i Ny 


=-10uUA 
oa = 1.6mA 


Output “Low” Voltage} All Outputs 


TIMER, INT, 
input Leakage ee D, ~ D>, STBY 


Ao ~ Ar, Bo ~ Br, | Vin =0.5 ~ Vec-0.5 
IItsil 


Co ~C,, ADRo ~ ADR;;3", 
Current Dissipation** Wait f = IMHz*** 


0.55 









Three-state Current 





De Bo BATMi: E*, R/W* 
Wait | 
—_ 
Input Capacitance All Terminals Cin f = 1MHz, Vin = OV 


* Only at standby 
** Vin min = Voc-1.0V, Vi_ max = 0.8V, all output and RES terminal are open and penetrate current of input are not included. 
*** The value at f = x MHz is given by using. 
loc (f = xMHz) = Icc (f = IMHz) xx 


@ AC | CHARACTERISTICS (Voc = 5.0V+10%, Vss = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


HD6305X2 HD63A05X2. HD63B05X2 
Symbol i HD6305Y2 HD63A05Y2 HD63B05Y2 
narion 


Cycle Time 
Enable Rise Time ae 


Enable Fall Time 


Enable Pulse Width(“High” Level) Sewell 


Enable Pulse Width(““Low” Level) |} PWer | 


Item 





5 ° 

=) 2 

© ro 
ot 
2 
DODDDODY 


op 
< 


Address Delay Time 
“Address Hold Time ae 
“Data Delay Time Tt a 
~ Data Hold Time (Write) | tuw 
Data Set-up Time (Read) | ‘tosr_ | eo | — | 50 
~ Data Hold Time (Read) re | o | — | | o | - 


@ HITACHI 
270 Hitachi America Ltd. ¢ 2210 O'Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


te 
MISS 


Cc 
2, 
= 


“Unit 


< 


LA 


LA 


mA 
mA 
LA 
LA 
pF 


us 
ns 
ns 
ns 
“ns 
ns 
ns 
ns 
ns 
ns 
ms 





HD6305X2 /HD6305Y2 


@ PORT TIMING (Vcc = 5.0V+10%, Vsg = OV, Ta = 0 ~ +70°C, unless otherwise noted.) 


Test HD6305X2, HD6305Y2 HD63A05X2, HD63A05Y2 ; 
Item Symbol Condition Unit 


Port Data Set-up Time 


| min | typ | max | min | [max | min | [max | 
Sa wos | | 200 BeOS Cee rn 
Port Data Hold Time , = 
(Port A, B, C, D) PDH ns 
Port Data Delay Ti : 
a aa tow | Fins | - | - | a0] - | - | a0] - | - | 200] ms 


® CONTROL SIGNAL INS (Vec = 5.0V 410%, Vsg = OV, Ta = 0 ~ +70°C, uniess otherwise noted.) 


“Test HD6305X2, HD6305Y2 HD63A05X2, HD63A05Y2 HD63B05X2, HD63B05Y2 
Item Symbol Unit 
Condition | min | typ 





INT Pulse Width tan hee oe =a ns 
t t 

INT> Pulse Width tags e pees eons ns 

RES Pulse Width =f 


Control Set-up Time 


n 
a 


RS NS 
rs) 
© i) 


Timer Pulse Width tay: ie: tey 


Oscillation Start Time (Crystal) tosc Fig.5,Fig.20* 


Reset Delay Time tRHL Fig. 19 


* Cy = 22pF +20%, Re = 602 max. 


3 | 3 
“in 


212 


~~ 
< 
ae | 
res] N92 | 
ro) on 
rant fo) 
oO 
e | 
scgoggo 
=> 
} 
< 
fay 


@ SC! TIMING (Voc = 5.0V+10%, Veg" OV, Ta= 0~ +70°C, unless otherwise noted.) 


Test HD6305X2, HD6305Y2 HD63A05X2, HD6G3A05Y2. | HD63B05X2, HD63B05Y2 
item Symbol ae 
Condition 


= Cmin | we [max | min] typ [max] min] wp [max | 
Clock Cycle. tSeyc | ot | Us 
Data Output Delay Time | — | ns 
Data Set-up Time | 200 | ns 
DataHold Time | |_100 | _ns 
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teye 


E 2.4V | 
PWetr PWen 
0.6V 
ter ter 
tap tan 


Ao~Ai13 2.4V 
R/W 4 ae _ Address Valid > 


| tow—> . tuw 
MPU Write 4 2.4V Data 
DATAg ~ DATA; : o.ev Valid b 


tosr 


2.0V 
Data Valid 
0.8V 









tur: 


MPU Read 
DATA ~ DATA, 


Figure 1 Bus Timing 





E 
Port y 2.0V Data | - Port 
A,B,C,D f- 0.8V Valid a | . A,B,C 
Figure 2 Port Data Set-up and Hold Times Figure 3 Port Data Delay Time (MPU Write) 
(MPU Read) 
Interrupt 
Test 
E FLELILILI LIU LU LU LI LS LS LYELL LS 
Address 
Bus 
Qn Code Op Code 1 FFF SP SP-1 SP-2 SP-3 SP-4 vecer ee yee 
INT, INT2 \ / PCo~ Address Address 
PC7 
Data Bus 
Op Operand Irrelevant PCs~ IX ACC CC _ Vector Vector First Inst. of 
Cod Op Code D 
. ail’ = PCi3 eee ene Interrupt Routine 


R/W cas a an ie aids 


Figure 4 Interrupt Sequence 
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i 
55v_—___ ~ = 
Vee 4.5V 
aR a tosc 
STBY Vec— “‘05v. 5V Vec—0.5V 
RES Vec—0.5V 


Address 


fe 1FFF o1FFF OTFFF FFF MM ee OX TFFF New PC 1FFF 


w Tm — 








Figure5 Reset Timing 


tscyc 
Clock Output 2 AV 
Cs/CK 0.6V 0.6V 0.6V | 
ttxp 
Data Output 2.4V 
C7/Tx | \ 0.6V 
ns r ‘i o \pemeromentts aeronramennemnnsorrenastamen 
la tHRX 
a 
Data Input [ 2.0V 2.0V *7 
CeRX /K0.8V 0.8V a ae 
Figure6 SCI Timing (Internal Clock) 
tscyc 
Clock input 2.0V 
Cs5/CK + 0.8V 0.8V 0.8V 
trxp 
Data Output L$ 2 AV 
C7/TX N 0.6V 
tsAx turx 
Data Input \F 2.0V 2.0V > 
{ 
Cé/RX Il o gv 0.8V 


Figure7 SCI Timing(External Clock) 
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Véc 
TTL Load | 
(Port) 2.4kQ 
Test point 
terminal 






C# 90pF for DATA», ~DATA, ’ 
ADR, ~ADR,;, E, R/W 
= 40pF for Port A, B and C. 


1. The load capacitance includes stary capacitance caused 
by the probe, etc. 
2. Alll diodes are 1S2074 (). 


[NOTES] 


Figure 8 Test Load 


@ DESCRIPTION OF TERMINAL FUNCTIONS 
The input and output signals of the MPU are described 
here. 


Vcc. Vss 7 
Voltage is applied to the MPU through these two terminals. 
Vcc is 5.0V + 10%, while Vsg is grounded. 


e INT, INT2 
External interrupt request inputs to the MPU. For details, 
refer to “INTERRUPT”. The INT, terminal is also used as 
the port D, terminal. 


eXTAL, EXTAL 
These terminals provide input to the on-chip clock circuit. 
A crystal oscillator (AT cut, 2.0 to 8.0 MHz) or ceramic 
filter is connected to the terminal. Refer to “INTERNAL 
OSCILLATOR” for using these input terminals. 


e TIMER 
This is an input terminal for event counter. Refer to 
“TIMER” for details. 


eRES 
Used to reset the MPU. Refer to “RESET’’ for details. 


NUM 
This terminal is not for user application. This terminal 
should be connected to Vgs. 


e Enable (E) 

This output terminal supplies E clock. Output is a single- 
phase, TTL compatible and 1/4 crystal oscillation frequency 
or 1/4 external clock frequency. It can drive one TTL load and 
a 90 pF condenser. 


e Read/Write (R/W) 
This TTL compatible output signal indicates to peripheral 
and memory devices whether MPU is in Read (“‘High”), or 
in Write (‘‘Low’’). The normal standby state is Read (“High”). 
Its output can drive one TTL load and a 90pF condenser. 





e Data Bus (DATA, — DATA; ) 
This TTL compatible three-state buffer can drive one TTL 
load and 90pF. 


e Address Bus (ADR, —ADR,;) 
Each terminal is TTL compatible and can drive one TTL 
load and 90pF. : ) 


e Ports A, B, Cc (Ag _ A, Bo — B,, Co _ C,) 
These 24 terminals consist of three 8-bit I/O ports (A, B, C). 
Each of them can be used as an input or output terminal on 


a bit through program control of the data direction register. 
For details, refer to “I/O PORTS.” 


ePortD (D,;: — D-) 

These seven input-only terminals are TTL or CMOS com- 
patible. Of the port D’s, De is also used as INT2. If De is 
used as a port, the INT2 interrupt mask bit of the miscellane- 
ous register must be set to “1” to prevent an INT2 interrupt 
from being accidentally accepted. 


eSTBY 
This terminal is used to place the MPU into the standby 
mode. With STBY at “Low” level, the oscillation stops and 
the internal condition is reset. For details, refer to “Stand- 
by Mode.” 











The terminals described in the following are I/O pins for 
serial communication interface (SCI). They are also used as 
ports C,, C, and C,. For details, refer to “SERIAL COM- 
MUNICATION INTERFACE.” 


eCK (Cs) 
Used to input or output clocks for serial operation. 


e Rx (Co) 
Used to receive serial data. 


@Tx (C7) 
Used to transmit serial data. 


@MEMORY MAP 

The memory map of the MPU is shown in Fig, 9. During 
interrupt processing, the contents of the CPU registers are saved 
into the stack in the sequence shown in Fig. 10. This saving 
begins with the lower byte (PCL) of the program counter. 
Then the value of the stack pointer is decremented and the 
higher byte (PCH) of the program counter, index register (X), 
accumulator (A) and condition code register (CCR) are stacked 
in that order. In a subroutine call, only the contents of the 
program counter (PCH and PCL) are stacked. 
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(b) HD6305Y2 
Figure 9 Memory Maps of MPU 
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n+2 

n+3 
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n+5 
Push 


* In a subroutine call, only PCL and PCH are stacked. 


Figure 10 Sequence of Interrupt Stacking 


$03°° 


Pull 


HD6305X2 /HD6305Y2 


@= REGISTERS 
There are five registers which the programmer can operate. 


N 
Oo 


Accumulator 


N 
2) 


Index 
Register 


Program 


PC Counter 


13 5 


6 
Ofojofofofofs tif SP Bainter 


Condition 


FH| 1 | N] Z| C|Code 


Register 


W 
© 


© 


Borrow 


Zero 
Negative 


interrupt 
Mask 
Half 
Carry 


iF 


Figure 11 Programming Model 


e Accumulator (A) 

This accumulator is a general purpose 8-bit register which 
holds operands or the result of arithmetic operation or data 
processing. 


e Index Register (X) 

The index register is an 8-bit register, and is used for index 
addressing mode. Each of the addresses contained in the 
register consists of 8 bits which, combined with an offset 
value, provides an effective address. 

In the case of a read/modify/write instruction, the index 
register can be used like an accumulator to hold operation 
data or the result of operation. 

If not used in the index addressing mode, the register can 
be used to store data temporarily. 


e Program Counter (PC) 
The program counter is a 14-bit register that contains the 
address of the next instruction to be executed. 


e Stack Pointer (SP) 

The stack pointer is a 14-bit register that indicates the ad- 
dress of the next stacking space. Just after reset, the stack 
pointer is set at address $OOFF. It is decremented when data 
is pushed, and incremented when pulled. The upper 8 bits. 
of the stack pointer are fixed to 00000011. During the MPU 
being reset or during a reset stack. pointer (RSP) instruction, 
the pointer is set to address $O0O0FF. Since a subroutine or 
interrupt can use space up to address $00C1 for stacking, the 
subroutine can be used up to 31 levels and the interrupt up 
to 12 levels. 


e Condition Code Register (CCR) 
The condition code register is a 5-bit register, each bit 
indicating the result of the instruction just executed. The 
bits can be individually tested by conditional branch instruc- 
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tions. The CCR bits are as follows: 


Half Carry (H): Used to indicate that a carry occurred be- 
tween bits 3 and 4 during an arithmetic oper- 
ation (ADD, ADC). 
Setting this bit causes all interrupts, except 
a software interrupt, to be masked. If an 
interrupt occurs with the bit I set, it is 
latched. It will be processed the instant 
the interrupt mask bit is reset. (More specifi- 
cally, it will enter the interrupt processing 
routine after the instruction following the 
CLI has been executed.) 
Negative (N): Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
_ or data processing is negative (bit 7 is logic 
“1”?), 
Used to indicate that the result of the most 
recent arithmetic operation, logical operation 
or data processing is zero. 
Carry/ Represents a carry or borrow that occurred 
Borrow (C): in the most recent arithmetic operation. This 
bit is also affected by the Bit Test and Branch 
instruction and a Rotate instruction. 


Interrupt (1): 


Zero (Z): 


® INTERRUPT 

There are six different types of interrupt: external inter- 
rupts (INT, INT2), internal timer interrupts (TIMER, 
TIMER:z ), serial interrupt (SCI) and interrupt by an instruc- 
tion (SWI). 


1-1 

$FF—+SP 

O— DDR’s 

CLR INT Logic 
$FF-—TDR 


$7F—Timer Prescaler 
$50—TCR 

$3F-—-SSR 

$00—SCR 

$7F—MR 





Load PC From 
: Reset:$1FFE, $1FFF 
In 


N 





Execute 
Instruction 





Of these six interrupts, the INT2 and TIMER or the SCI 
and TIMER2 generate the same vector address, respectively. 

When an interrupt occurs, the program in progress stops 
and the then CPU status is saved onto the stack. And then, 
the interrupt mask bit (I) of the condition code register is 
set and the start address of the interrupt processing routine 
is obtained from a particular interrupt vector address. Then 
the interrupt routine starts from the start address. System 
can exit from the interrupt routine by an RTI instruction. 
When this instruction is executed, the CPU status before 
the interrupt (saved onto the stack) is pulled and the CPU 
restarts the sequence with the instruction next to the one at 
which the interrupt occurred. Table 1 lists the priority of 
interrupts and their vector addresses. 


Table 1 Priority of Interrupts 


Interrupt | | Vector Address 
RES | 4 | STFFE, S1FFF 
Swi a 2 $1FFC, $1FFD 
INT ee $1FFA, $1FFB 
TIMER/INT: | 4 |  $1FF8, $IFFQ 
SC/TIMER2 | 5 |  $IFF6, $tFF7 


A flowchart of the interrupt sequence is shown in Fig. 12. 
A block diagram of the interrupt request source is shown in 


Fig. 13. 
T Y 
ge? 
— 


INT2 
MR6 =0,MR7 = 1? 
Edge 














Ne 





T 
»TCRE 


IMER 
0,TCR7 
1? 







scl ; 
SSR5 aaa 


TIMER2 
SSR4 Sorte 










1—l Bit 







Load PC From 
SWI:$1FFC,$1FFD 
INT:$1FFA,$1FFB 
TIMER:$1FF8,$1FF9 
INT2:$ 1FF8,$1FFO 
SCI-$1FF6,$1FF7 
TIMER 2:$1FF6,$1FF7 






Execute 
Instruction 








Figure 12 Interrupt Flow Chart 
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In the block diagram, both the external interrupts INT and 
INT? are edge trigger inputs. At the falling edge of each input, 
an interrupt request is generated,and latched. The INT inter- 
rupt request is automatically cleared if jumping is made to 
the INT processing routine. Meanwhile, the INT2 request is 
cleared if ‘‘0” is written in bit 7 of the miscellaneous register. 

For the external interrupts (INT, INT2), internal timer 
interrupts (TIMER, TIMERz) and serial interrupt (SCI), each 
interrupt request is held, but not processed, if the I bit of the 
condition code register is set. Immediately after the I bit is 
cleared, the corresponding interrupt processing starts accord- 
ing to the priority. 

The INT2 interrupt can be masked by setting bit 6 of the 
miscellaneous register; the TIMER interrupt by setting bit 6 
of the timer control register; the SCI interrupt by setting bit 
5 of the serial status register; and the TIMER: interrupt by 
setting bit 4 of the serial status register. 

The status of the INT terminal can be tested by a BIL or 
BIH instruction. The INT falling edge detector circuit and 
its latching circuit are independent of testing by these instruc- 
tions. This is also true with the status of the INT2 terminal. 





e Miscellaneous Register (MR; $000A) 

The interrupt vector address for the external interrupt 
INT2 is the same as that for the TIMER interrupt, as shown 
in Table 1. For this reason, a special register called the miscel- 
laneous register (MR; $000A) is available to control the 
INT? interrupts. 


HD6305X2 /HD6305Y2 


Bit 7 of this register is the INT2 interrupt request flag. 
When the falling edge is detected at the INT2 terminal, “1” 
is set in bit 7. Then the software in the interrupt routine 
(vector addresses: $1FF8, $1FF9) checks bit 7 to see if it 
is INT2 interrupt. Bit 7 can be reset by software. 





Miscellaneous Register (MR;$000A) 


7 6 5 4 3 2 1 0 
MRIMROL~L1 


INT2 Interrupt Mask 
INT2 Interrupt Request Flag 








Miscellaneous Register (MR; $000A) 


Bit 6 is the INT2 interrupt mask bit. If this bit is set to “1”, 
then the INT2 interrupt is disabled. Both read and write are 
possible with bit 7 but “1” cannot be written in this bit by 
software. This means that an interrupt request by software 
is impossible. 

When reset, bit 7 is cleared to ‘‘0”’ and bit 6 is set to “‘1”’. 


aTIMER . 
Figure 14 shows a MPU timer block diagram. The timer 
data register is loaded by software and, upon receipt of a 
clock input, begins to count down. When the timer data 


Vectoring generated 
$1FFA, $1FFB 


BIH/BIL Test 


INT tnter- 
rupt Latch 


B+ | 
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2 
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INTs Y bed daa {MR) 
coc 


iSO INT2 
ia > 


Timer Control 
Register (TCR) 


nee 
> O 
= 
TIMER 
Serial Status 
Register (SSR) 
SCI/TIMER2 — [Ssn7]sonessns]some] TER, 


SCl 


Condition Code Register (CCR) 


>. 
_) 
iD Interrupt Control 
Circuit 
) ) Vectoring generated 


$1FF8, $1FF9 


Vectoring generated 
$1FF6, $1FF7 


Figure 13 interrupt Request Generation Circuitry 
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register (TDR) becomes ‘0’, the timer interrupt request 
bit (bit 7) in the timer control register is set. In response to 
the interrupt request, the CPU saves its status into the stack 
and fetches timer interrupt routine address from addresses 
$1FF8 and $1FF9 and execute the interrupt routine. The 
timer interrupt can be masked by setting the timer interrupt 
mask bit (bit 6) in the timer control register. The mask bit 
(I) in the condition code register can also mask the timer 
interrupt. 

The source clock to the timer can be either an external 
signal from the timer input terminal or the internal E signal 
(the oscillator clock divided by 4). If the E signal is used as 
the source, the clock input can be gated by the input to the 
timer input terminal. 

Once the timer count has reached “0”, it starts counting 
down with “$FF”. The count can be monitored whenever 
desired by reading the timer data register. This permits the 
program to know the length of time having passed after the 
occurrence of a timer interrupt, without disturbing the con- 
tents of the counter. 

When the MPU is reset, both the prescaler and counter are 
initialized to logic “1”. The timer interrupt request bit 


(bit 7) then is cleared and the timer interrupt mask bit (bit 
6) is set. | 

To clear the timer interrupt request bit (bit 7), it is neces- 
sary to write “0” in that bit. 








Timer interrupt request 


Absent 










Present — 


Timer interrupt mask 
Enabled 
Disabled 


— 


ag = 





(Internal 
Clock) 
E 







fake +1 
TIMER: 
Input 
Terminal 


Timer Data 
Register 







8-Bit Counter 





Clock Input 


Write Read 





Multiplexer 


(TDR;$0008) 


e Timer Control Register (TCR; $0009) 

Selection of a clock source, selection of a prescaler fre- 
quency division ratio, and a timer interrupt can be controlled 
by the timer control register (TCR; $0009). 

For the selection of a clock source, any one of the four 
modes (see Table 2) can be selected by bits 5 and 4 of the 
timer control register (TCR). 


Timer Control Register (TCR; $0009) 
7 6 5 4 3 2 1 +0 
fofofesfesfesfen 
Se Ng tiigierenpgiacasntstemetionaai 
_ Prescaler division ratio selection 
| Prescaler initialize 
Clock input source 


Timer interrupt mask 
Timer interrupt request 






After reset, the TCR is initialized to ‘“E under timer termi- 
nal control” (bit 5 = 0, bit 4 = 1). If the timer terminal is 
“1”, the counter starts counting down with “$FF” immediate- 
ly after reset. 

When “1” is written in bit 3, the prescaler is initialized. 
This bit always shows “0” when read. 


Table 2 Clock Source Selection 


TCR 
Clock input source 


Internal clock E 
E under timer terminal control 
No clock input (counting stopped) 


Event input from timer terminal 


oO 


Initialize 








Timer Control 
Register 


(TCR;$0009) 


remo TCRSITCR4 TCR2 ro TCRO 
















Timer Interrupt 


Figure 14 Timer Block Diagram 
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A prescaler division ratio is selected by the combination of 
three bits (bits 0, 1 and 2) of the timer control register (see 
Table 3). There are eight different division ratios: +1, +2, +4, 
+8, +16, +32, +64 and +128. After reset, the TCR is set to the 
+] mode. 


Table 3. Prescaler Division Ratio Selection 


Bit 2 re ce Prescaler division ratio 
0 —— 


+8 
1 +16 
1 +64 
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A timer interrupt is enabled when the timer interrupt mask 
bit is ‘0’, and disabled when the bit is “1”. When a timer 
interrupt occurs, “‘1” is set in the timer interrupt request bit. 
This bit can be cleared by writing ‘‘O” in that bit. 


SSERIAL COMMUNICATION INTERFACE (SCI) 

This interface is used for serial transmission or reception 
of 8-bit data. Sixteen transfer rates are available in the range 
from 1 ys to approx. 32 ms (for oscillation at 4 MHz). 

The SCI consists of three registers, one eighth counter and 
one prescaler. (See Fig. 15.) SCI communicates with the CPU 
via the data bus, and with the outside world through bits 5, 
6 and 7 of port C. Described below are the operations of 
each register and data transfer. 


®SCI Control Register (SCR; $0010) 





0 
SCRO 





7 6 5 4 3 2 1 
SCR7/SCR6jSCR5 |SCR4|SCR3j/SCR2 
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Figure 15 SCI Block Diagram 
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SCR7 CG terminal 

0 Used as 0 terminal (by DDR). 

1 Serial data output (DDR output) 
SCR6 C, terminal 

0 | Used as I/O ieiminal (by DDR). 
_ 1 | Serial data input (DDR input) 









C, terminal 







Used as I/O terminal (by 
DDR). 


Internal 


Clock output (DDR output) 
Clock input (DDR input) 


Bit 7 (SCR7) 
When this bit is set, the DDR corresponding to the C, 
becomes “1”? and this terminal serves for output of SCI data. 
After reset, the bit is cleared to “‘0”’. 


Bit 6 (SCR6) 
When this bit is set, the DDR corresponding to the C, 
becomes “0” and this terminal serves for input of SCI data. 
After reset, the bit is cleared to “‘O”’. 


Bits 5 and 4 (SCRS, SCR4) 
These bits are used to select a clock source. After reset, 
the bits are cleared to ‘‘0”’. 


Bits 3 — 0 (SCR3 — SCRO) 
These bits are used to select a transfer clock rate. After 
reset, the bits are cleared to ‘“0”’. 
Transfer clock rate 


SCR2 | SCR1 | SCRO 4.194 MHz 


4.00 MHz 














SCR3 










1 ps 0.95 ps 
2 ps 1.91 ps 
4 ps 3.82 ps 
8 ps 7.64 ps 
2 2 
32768 ps 1/32 s 


®SCI Data Register (SDR; $0012) 
A serial-parallel conversion register that is used for transfer 
of data. 


SCI Status Register (SSR; $0011) 


[eee : Seed ae. eee eee” Saeed ee. 
SSR7] SSR6 








Bit 7 (SSR7) 

Bit 7 is the SCI interrupt request bit which is set upon 
completion of transmitting or receiving 8-bit data. It is 
cleared when reset or data is written to or read from the 
SCI data register with the SCR5S=“1”. The bit can also be 
cleared by writing “0” in it. 


Bit 6 (SSR6) 

Bit 6 is the TIMER, interrupt request bit. TIMER, is multi- 
plexed with the serial clock generator, and SSR6 is set each time 
the internal transfer clock falls. When reset, the bit is cleared. It 
also be cleared by writing “O” in it. (For details, see TIMER, .) 


Bit 5 (SSRS5) 
Bit 5 is the SCI interrupt mask bit which can be set or 
cleared by software. When it is “1”, the SCI interrupt (SSR7) 
is masked. When reset, it is set to “1”. 


Bit 4 (SSR4) 
Bit 4 is the TIMER, interrupt mask bit which can be set 
or cleared by software. When the bit is “1”, the TIMER, 
interrupt (SSR6) is masked. When reset, it is set to “‘1”’. 


Bit 3 (SSR3) 
When “1” is written in this bit, the prescaler of the transfer 
clock generator is initialized. When read, the bit always is ‘‘0’’. 


Bits 2 —0 
Not used. 
SSR7 SCI interrupt request 
0 Absent 
1 | Present 
SSR6 | TIMER, interrupt request | 
0 | | Absent 


4 _ Present _ 







SCI interrupt mask 
Enabled 
Disabled 


TIMER, interrupt mask 


Enabled 
Disabled 





e Data Transmission 

By writing the desired control bits into the SCI control 
registers, a transfer rate and a source of transfer clock are 
determined and bits 7 and 5 of port C are set at the serial 
data output terminal and the serial clock terminal, respec- 
tively. The transmit data should be stored from the accumu- 
lator or index register into the SCI data register. The data 
written in the SCI data register is output from the C,/Tx 
terminal, starting with the LSB, synchronously with the 
falling edge of the serial clock. (See Fig. 16.) When 8 bit of 
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data have been transmitted, the interrupt request bit is set in 
bit 7 of the SCI status register with the rising edge of the last 
serial clock. This request can be masked by setting bit 5 of the 
SCI status register. Once the data has been sent, the 8th bit 
data (MSB) stays at the C7/Tx terminal. If an external clock 
source has been selected, the transfer rate determined by bits 
0 — 3 of the SCI control register is ignored, and the Cs/CK 
terminal is set as input. If the internal clock has been selected, 
the Cs/ CK terminal is set as output and clocks are output at 
the transfer rate selected by bits 0 — 3 of the SCI control 
register. 


Serial Clock (Cg /TR} 









Previous 
Output Dats (Cy/Tx) date 


Cc) (i 





Input Dete Latch 
Timing (C@/Rx) 


Figure 16 SCI Timing Chart 


e Data Reception 

By writing the desired control bits into the SCI control 
register, a transfer rate and a source of transfer clock are de- 
termined and bit 6 and 5 of port C are set at the serial data 
input terminal and the serial clock terminal, respectively. 
Then dummy-writing or -reading the SCI data register, the 
system is ready for receiving data. (This procedure is not 
needed after reading the subsequent received data. It must be 
taken after reset and after not reading the subsequent received 
data.) 

The data from the C,/Rx terminal is input to the SCI 
data register synchronously with the rising edge of the 
serial clock (see Fig. 16). When 8 bits of data have been re- 
ceived, the interrupt request bit is set in bit 7 of the SCI 
status register. This request can be masked by setting bit 5 
of the SCI status register. If an external clock source have been 
selected, the transfer rate determined by bits 0 — 3 of the SCI 
control register is ignored and the data is received synchro- 
nously with the clock from the C, /CK terminal. If the internal 
clock has been selected, the C;/CK terminal is set as output 
and clocks are output at the transfer rate selected by bits 0 — 
3 of the SCI control register. 


e TIMER2 

The SCI transfer clock generator can be used as a timer. 
The clock selected by bits 3 — 0 of the SCI control register 
(4us — approx. 32 ms (for oscillation at 4 MHz)) is input to bit 
6 of the SCI status register and the TIMER2 interrupt request 
bit is set at each falling edge of the clock. Since interrupt 
requests occur periodically, TIMER2 can be used as a reload 
counter or clock. 


® @® @® 
aoa 7 
& 
® : Transfer clock generator is reset and mask bit (bit 4 
of SCI status register) is cleared. 
@,@ : TIMER? interrupt request 
®,©® : TIMER2 interrupt request bit cleared 
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TIMER, is multiplexed with the SCI transfer clock generator. 
If wanting to use TIMER, independently of the SCI, specify 
“External” (SCR5 = 1, SCR4 = 1) as the SCI clock source. 

If “Internal” is selected as the clock source, reading or 
writing the SDR causes the’prescaler of the transfer clock 
generator to be initialized. 


#1/O PORTS 

There are 24 input/output terminals (ports A, B, C). Each 
I/O terminal can be selected for either input or output by the 
data direction register. More specifically, an I/O port will 
be input if “O” is written in the data direction register, and 
output if “1” is written in the data direction register. Port A, 
B or C reads latched data if it has been programmed as output, 
even with the output level being fluctuated by the output 
load. (See Fig. 17.) 

When reset, the data direction register and data register go 
to “0” and all the input/output terminals are used as input. 

















Bit of 
output 


Bit of data 
direction 
register 









Status of 


Figure 17 Input/Output Port Diagram 


Input to 
CPU 





Seven input-only terminals are available (port D). Writing 
to an input terminal is invalid. 

All input/output terminals and input terminals are TTL 
compatible and CMOS compatible in respect of both input and 
output. 

If I/O ports or input ports are not used, they should be 
connected to Vssg via resistors. With none connected to these 
terminals, there is the possibility of power being consumed 
despite that they are not used. 


= RESET = 

The MPU can be reset either by external reset input (RES) 

or power-on reset. (See Fig. 18.) On power up, the reset 

input must be held “Low” for at least tosc_ to assure that the 

internal oscillator is stabilized. A sufficient time_of delay can 

be obtained by connecting a capacitance to the RES input as 
shown in Fig. 19. 
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| requirement for minimum external configurations. It can be 
. Y : ee driven by connecting a crystal (AT cut 2.0 — 8.0MHz) or 
ov . ceramic oscillator between pins 5 and 6 depending on the re- 
quired oscillation frequency stability. | 
Three different terminal connections are shown in Fig. 20. 
Figs. 21, and 22 illustrate the specifications and typical arrange- 


main ment of the crystal, respectively. 


Terminal 


Ci AT Cut 





Internal Parallel 
Reset Rs Resonance 
a Co=7pF max. 
Figure 18 Power On and Reset Timing EXTAL f=2.0~8.0MHz 
: Rs=602 max. 


Figure 21 Parameters of Crystal 


100kQ typ 
(a) 

cS hagi eI 

O—-€6V A Crystal 


GoNces 










Figure 19 Input Reset Delay Circuit 





Crystal 


#INTERNAL OSCILLATOR 
The internal oscillator circuit is designed to meet the 


[NOTE] Use as short wirings as possible for connection of the crystal 
with the EXTAL and XTAL terminals. Do not allow these 
wirings to cross others. 


Figure 22 Typical Crystal Arrangement 
SLOW POWER DISSIPATION MODE 


The HD6305X2 and the HD6305Y2 provides three low 
power dissipation modes: wait, stop and standby. 





Crystal Oscillator 


e Wait Mode 
When WAIT instruction being executed, the MPU enters 
into the wait mode. In this mode, the oscillator stays active 
but the internal clock stops. The CPU stops but the peripheral 
functions — the timer and the serial communication inter- 
face — stay active. (NOTE: Once the system has entered the 
wait mode, the serial communication interface can no longer 
be retriggered.) In the wait mode, the registers, RAM and I/O 
External Ceramic Oscillator terminals hold their condition just before entering into the 
Clock 7 wait mode. — 
Input The escape from this mode can be done by interrupt (INT, 
TIMER/INT2 or SCI/TIMER2), RES or STBY. The RES 
resets the MPU and the STBY brings it into the standby 
mode. (This will be mentioned later.) 

When interrupt is requested to the CPU and accepted, the 
wait mode escapes, then the CPU is brought to the operation 
mode and vectors to the interrupt routine. If the interrupt is 
masked by the I bit of the condition code register, after releas- 
ing from the wait mode the MPU executes the instruction 
next to the WAIT. If an interrupt other than the INT (ie., 
Figure 20 Internal Oscillator Circuit TIMER/INT2 or SCI/TIMER2) is masked by the timer control 












External Clock Drive 
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register, miscellaneous register or serial status register, there 
is no interrupt request to the CPU, so the wait mode cannot 
be released. 

Fig. 23 shows a flowchart for the wait function. 


e Stop Mode 

When STOP instruction being executed, MPU enters into 
the stop mode. In this mode, the oscillator stops and the CPU 
and peripheral functions become inactive but the RAM, 
registers and I/O terminals hold their condition just before 
entering into the stop mode. 

The escape from this mode can be done by an external 
interrupt (INT or INT2), RES or STBY. The RES resets the 
MPU and the STBY brings into the standby mode. 

When interrupt is requested to the CPU and accepted, 
the stop mode escapes, then the CPU is brought to the opera- 
tion mode and vectors to the interrupt routine. If the inter- 
rupt is masked by the I bit of the condition code register, 
after releasing from the stop mode, the MPU executes the 
instruction next to the STOP. If the INT2 interrupt is masked 
by the miscellaneous register, there is no interrupt request to 
the MPU, so the stop mode cannot be released. 

Fig. 24 shows a flowchart for the stop function. Fig. 25 
shows a timing chart of return to the operation mode from 
the stop mode. 

For releasing from the stop mode by an interrupt, oscilla- 
tion starts upon input of the interrupt and, after the internal 
delay time for stabilized oscillation, the CPU becomes active. 











(Note) When I bit of condition code register is 
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For restarting by RES, oscillation starts when the RES goes 
“QO” and the CPU restarts when the RES goes “1”’. The dura- 
tion of RES=“0” must exceed tosc to assure stabilized oscil- 
lation. 


e Standby Mode 

The MPU enters into the standby mode when the STBY 
terminal goes ‘‘Low”. In this mode, all operations stop and 
the internal condition is reset but the contents of the RAM are 
hold. The I/O terminals turn to high-impedance state. The 
standby mode should escape by bringing STBY “High”. The 
CPU must be restarted by reset. The timing of input signals 
at the RES and STBY terminals is shown in Fig. 26. 

Table 4 lists the status of each parts of the MPU in each 
low power dissipation modes. Transitions between each mode 
are shown in Fig. 27. 








al Dia 


and inter- 
rupt (INT, TIMER/INT,, SCI/TIMER,) is held, MPU 
does not enter WAIT mode by the execution of WAIT 
instruction. 

In that case, after the 4 dummy cycles MCU executes 
the next instruction. a 

In the same way, when external interrupts (INT, INT, ) 
are held at the bit I set, MPU does not enter STOP 
mode by the execution of STOP instruction. In that 
case, also, MPU executes the next instruction after the 
4 dummy cycles. 
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| Oscillator Active 
Timer and Serial 


Clock Active 
All Other Clocks 
Stop 





CSTBY=O0> No 


Yes RES No 
to Standby So i 


Mode iY 


284 


Be) 
” 






r 


es 
Restart 
| Processor Clocks 


| initialize 
| CPU, TIMER, SCI, 
| 1/0 and All 

; Other Functions 













- 

wm, SSRE = 1? 
“SSR4=S 

“0? 


, 1A 


Yes 
| Load PC from : 
$1FFE, $1FFF | 





Load PC from 
Interrupt Vector 
Addresses 


: Fetch 
Instruction 


Figure 23 Wait Mode Flow Chart 
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Stop Oscillator 
and All Clocks 





to Standby 
Mode 








Turn on Oscillator 
Wait for Time Delay 





Turn on Oscillator 
Wait for Time Delay 
to Stabilize 


Load PC from 
$1FFE, $1FFF 


Load PC from 
Interrupt Vector 
Addresses 






Fetch 
Instruction 


Figure 24 Stop Mode Flow Chart 
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Time required for oscillation to become 
STOP instruction Interrupt stabilized (built-in delay time) | ree eviews 
executed restart 


(a) Restart by Interrupt 


oseitator TMM ng 
Ee al Ee Lg 


ee | ‘ Time required for oscillation to become 

instruction age 

Syenitea stabilized (tos¢) Reset 
start 


(b) Restart by Reset 


_ ui TTT eT 


Figure 25 Timing Chart of Releasing from Stop Mode 
STBY | 


RES 
tosc Restart 


Figure 26 Timing Chart of Releasing from Standby Mode 


reccc" 
}---- 


Table 4 Status of Each Part of MPU in Low Power Dissipation Modes 


Mode Oscil- Timer, : 1/0 Escape 
ci Serial Register RAM terminal 
| ~| WAIT in. | STBY, RES, INT, INT, 
WAIT é Active Stop Active Keep Keep Keep | each interrupt request of 
a Soft |, eUMeHON™  - 5 TIMER, TIMER2, SCI 
ware : 

STOP in- Senne ores a ae ry ate eee 

Stand- | Hard- | patie, , High im- | esav7_wu:pe 
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Stan dby 





Figure 27 Transitions among Active Mode, Wait Mode, 
Stop Mode, Standby Mode and Reset 


#BiIT MANIPULATION 

The MPU can use a single instruction (BSET or BCLR) to set 
or clear one bit of the RAM within page 0 or an I/O port 
(except the write-only registers such as the data direction 
register). Every bit of memory or I/O within page 0 ($00 — 
$FF) can be tested by the BRSET or BRCLR instruction; 
depending on the result of the test, the program can branch to 
required destinations. Since bits in the RAM, or I/O can be 
manipulated, the user may use a bit within the RAM as a flag or 
handle a single I/O bit as an independent I/O terminal. Fig. 28 
shows an example of bit manipulation and the validity of test 
instructions. In the example, the program is configured assum- 
ing that bit 0 of port A is connected to a zero cross detector 
circuit and bit 1 of the same port to the trigger of a triac. 


‘The program shown can activate the triac within a time of 
10us from zero-crossing through the use of only 7 bytes on 
the memory. The on-chip timer provides a required time of 
delay and pulse width modulation of power is also possible. 


BRCLR 0, PORT A, SELF 1 
BSET 1, PORT A 
BCLR 1, PORTA 


SELF 1. 


Figure 28 Example of Bit Manipulation 


® ADDRESSING MODES 
Ten different addressing modes are available to the MPU. 


e immediate 
See Fig. 29. The immediate addressing mode provides 
access to a constant which does not vary during execution of 
the program. 
This access requires an instruction length of 2 bytes. The 
effective address (EA) is PC and the operand is fetched from 


the byte that follows the operation code. 


e Direct 
See Fig. 30. In the direct addressing mode, the address of 
the operand is contained in the 2nd byte of the instruction. The 
user can gain direct access to memory up to the lower 255th 
address. All RAM (HD6305X2) or 192 bytes of RAM 
(HD6305Y2), and I/O registers are on page 0 of address space so 
that the direct addressing mode may be utilized. 


e Extended 
See Fig. 31. The extended addressing is used for referenc- 
ing to all addresses of memory. The EA is the contents of 
the 2 bytes that follow the operation code. An extended 
addressing instruction requires 3 bytes. 


e Relative 

See Fig. 32. The relative addressing mode is used with 
branch instructions only. When a branch occurs, the program 
counter is loaded with the contents of the byte following the 
operation code. EA = (PC) + 2 + Rel., where Rel. indicates a 
signed 8-bit data following the operation code. If no branch 
occurs, Rel. = 0. When a branch occurs, the program jumps 
to any byte in the range +129 to -127. A branch instruction 
requires 2 bytes. 


« indexed (No Offset) 

See Fig. 33. The indexed addressing mode allows access 
up to the lower 255th address of memory. In this mode, an 
instruction requires a length of one byte. The EA is the 
contents of the index register. 
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e Indexed (8-bit Offset) 

See Fig. 34. The EA is the contents of the byte follow- 
ing the operation code, plus the contents of the index register. 
This mode allows access up to the lower 511th address of 
memory. Each instruction when used in the index addressing 
mode (8-bit offset) requires 2 bytes. 


e Indexed (16-bit Offset) 

See Fig. 35. The contents of the 2 bytes following the 
operation code are added to content of the index register 
to compute the value of EA. In this mode, the complete 
memory can be accessed. When used in the indexed address- 
ing mode (16-bit offset), an instruction requires 3 bytes. 


e Bit Set/Clear 
See Fig. 36. This addressing mode is applied to the BSET 
and BCLR instructions that can set or clear any bit on page 
0. The lower 3 bits of the operation code specify the bit to 
be set or cleared. The byte that follows the operation code 
indicates an address within page 0. 


| ae 
PROG LDA #$F8 OSBE] Ae] 
o5BF[ Fe 


e Bit Test and Branch 
See Fig. 37. This addressing mode is applied to the BRSET 

and BRCLR instructions that can test any bit within page 0 
and can be branched in the relative addressing mode. The 
byte to be tested is addressed depending on the contents of 
the byte following the operation code. Individual bits within. 

_the byte to be tested are specified by the lower 3 bits of the 
operation code. The 3rd byte represents a relative value which 
will be added to the program counter when a branch condition 
is established. Each of these instructions requires 3 bytes. The 
value of the test bit is written in the carry bit of the condition 
code register. 


e implied 
See Fig. 38. This mode involves no EA. All information 
needed for execution of an instruction is contained in the 
operation code. Direct manipulation on the accumulator 


and index register is included in the implied addressing mode. 
Other instructions such as SWI and RTI are also used in this 
mode. All instructions used in the implied addressing mode 
requires one byte. 






Index Reg 
Stack Point 


Prog Count 


_075D _ | 


CCR 


Figure 29 Example of Immediate Addressing 






CAT FCB 32004B[ 20 | 


® r) 
PROG LDACATO52Df BE | 
052E 


| 


Index Reg 
Stack Point 


Prog Count 


CCR 


ae 


Figure 30 Example of Direct Addressing 
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Index Reg 


Stack Point 


Figure 31 Example of Extended Addressing 


Memory 


A 


Index Reg 


Stack Point 


Prog Count 









PROG BEQ PROG2 04A7-27——~« 
ced ET 


| 


Figure 32 Example of Relative Addressing 





4 Stack Point 
PROG LDA X O5F4 Prog Count 
aa CCR 


a SS 


Figure 33 Example of Indexed (No Offset) Addressing 
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TABLFCB =BF ooso| BF | 
FCB =86 OO8A, 86. | 
FCB =D8 oosBf DB 
FCB =CF oosc{—cr] 









Stack Point 
PROG LDA TABL.X O75B]_ _—E6_—_ si 
o7sc{_ 89 
Prog Count 
075D 
CCR 


ae 


Figure 34 Example of Index (8-bit Offset) Addressing 


Stack Point 


PROG LDA TABL.X 0692 D6 | 


0693 
0694 Prog Count 
CCR 
TABLFCB =BF 0776, BF | CI 


FCB =86 O77F[ 86 | 
FCB =DB 0780] DB | 
FCB =CF 0781 


Figure 35 Example of Index (16-bit Offset) Addressing 


Memory 
‘ 8 





Index Reg 
Stack Point 
Prog Count 


CCR 


Figure 36 Example of Bit Set/Clear Addressing 
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EA 
Memory {0002 
t t 
: : Adder 
PORTCEQU2.0002— FO | A 
Pee | 0900 = 
: ‘ tack Poi 
8 s 
PROG BRCLR 2.PORT C.PROG 20574[ 05 | rog Count 
0575] 02 0000 a: 
0576 EL | er cn 
_ tf on _ 
= 





Memory 
| cree ener | 
r 4 
t] a 
e a 
e a 
7 
are 
| 
ae 
e 


PROG TAX O5BA 








A 


= 
Index Keg 
| ES 


Prog Count 


O58B 


CCR 


Figure 38 Example of implied Addressing 


SiINSTRUCTION SET 

There are 62 basic instructions available to the HD6305X2 
and the HD6305Y2. They can be classified into five categories: 
register/memory, read/modify/write, branch, bit manipulation, 
and control. The details of each instruction are described in 
Tables 5 through 11. 


e Register/Memory instructions 

Most of these instructions use two operands. One operand 
is either an accumulator or index register. The other is derived 
from memory using one of the addressing modes used on the 
HD6305X2 and the HD6305Y2. There is no register operand in 
the unconditional jump instruction (JMP) and the subroutine 
jump instruction (JSR). See Table 5. 


e Read/Modify/Write Instructions 

These instructions read a memory or register, then modify 
or test its contents, and write the modified value into the 
memory or register. Zero test instruction (TST) does not 
write data, and is handled as an exception in the read/modify/ 
write group. See Table 6. 


e Branch Instructions 
A branch instruction branches from the program sequence 
in progress if a particular condition is established. See Table 7. 


e Bit Manipulation Instructions 
These instructions can be used with any bit located up to 
the lower 255th address of memory. Two groups are available; 
one for setting or clearing and the other for bit testing and 
branching. See Table 8. 


e Controi Instructions 
The control instructions control the operation of the MPU 
which is executing a program. See Table 9. 


e List of Instructions in Alphabetical Order 
Table 10 lists all the instructions used on the HD6305X2 
and the HD6305Y2 MPU in the alphabetical order. 


e Operation Code Map 
Table 11 shows the operation code map for the instructions 
used on the MPU. 
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Operations 


Load A from Memory 
Load X from Memory 
Store A in Memory 
Store X in Memory 
Add Memory to A 

Add Memory and Carry 
toA 

Subtract Memory 
Subtract Memory from 
A with Borrow 

AND Memory to A 

OR Memory with A 
Exclusive OR Memory 
with A 

Arithmetic Compare A 
with Memory 
Arithmetic Compare X 
with Memory 





Bit Test Memory with 
A (Logical Compare) 
Jump Unconditional 


Jump to Subroutine 


Symbols: Op = Operation 





Table 5 Register/Memory Instructions 





| ss AddressingModes si | ss AddressingModes si 
Indexed | indexed | Indexed Boolean/ Condition 
immediate | Direct | Extended |(No Offset) | (8-Bit Offset) | (16-Bit Offset) prthedllehin cote 

jor] # | ~ [or] « | ~ [or] # | ~ jor] # | ~ jor! # | ~ jor] « | ~ | Hi VIN | z[c 

| LDA [AG] 2/2 [Be] 2/3 [ce] 3/4 [Fe] 1/3 ]e6)2/4|D6)3/5|M-A fee fetal ale 
eee ee ee eee eee M--X pele|alale 
| sta | —| | — Jr] 2/3 [7] 3] 4 ler] 1} 4 jer) 2] 4|o7) 3] slam Tele lalate 
| stx [~|-[-[er[2[3 ice] aj4lrr[s|4ler( 2/4 lor) 3/s[x-m [ele lalale 
| AD [as] 2| 2 [es] 2/3 \cel/3[4 [reals] 3lee|2|4 |B) s/s ja+m—-a fA el al ala 
Pails a lea ell alll les) el olenlleleaieeat.. nie lalla 
| sus [Ao] 2 | 2 [po] 2 | 3 [co) 3 | 4 [Fo] 1 | 3 |€0/ 2 | 4 [Do 3| 5 |A-m—a pefelalals 
eas sleclel ales a| cell alaleelala eed als | olackedesh.. [| |ial | 
| AND [a4] 2| 2 [B4[2[3 [ca] 3/4 jra)1[3 les} 2 [4 [04] 3/5 /a-M-A SH ° 
| ora [aa] 2/2 [pai 2[3 [cal 3|4|rals[3leal2|4|oaj3/sjarm-a fee fel alate 
bom, oa elle) ledls|ale|a/s [eel batslelasuce.  |e/e lala 
Deo Tels Seale esl alalalellalcloilais acu. le lolalal 
sel dal fe elatsllalalmlaldlelal sled sles. ola lala|s 
wi [ule ale lalolela|sleolellespalaflalelata. ew alae 
[sme [—|-[—|ecl2/2[ccl3/3lrci1/2leci|2|3ioci3j4; sf fe lelele 
| sR |~[-|-Jeo[2[s|co/3ielro[1|sleoj2|sjooisje{ ss “§$ (SB «fe lelelele 


# = Number of bytes 
~ = Number of cycles 


Operations 


Increment 
Decrement 

Clear 
Complement 
Negate 

(2's Complement) 


Rotate Left Thru Carry 


Rotate Right Thru Carry 


Logical Shift Left 





Logical Shift Right 


Arithmetic Shift Right 


Arithmetic Shift Left 
Test for Negative 
or Zero 


Symbols: Op = Operation 


Table 6 Read/Modify/Write Instructions 


Addressing Modes 


Indexed 
Mnemonic 
Implied(A) | implied(X) Direct | (No Offset) 


lop] | ~ [or] « | - for] s | - 
| inc [4c] 4 | 2 [se] 1 | 2 [3c] 2 | 5 | 
ena 
2 | 
ch 





Condition 
e 


Cc 
on ae ; 
ne 


A 





A+1—A or X+1—X or M+1-—-M | 
A—1—A or X-—1—X or M—1—M 


Le [=] 
Bo 

eal 2 [6] 

eF|2 [6 [00-A wr 00-00 

e3[2 [6 [Aa or XX or MoM 


—_ 


~ “N/T NIN 
3 [33/5] a/8| 


0O0—A-—A or 0OO—X-—-X 
or OO-—-M-—M 


~ ws 
| 3 | 3 | 


> 


37 





> 


Equal to LSL 


ale A-—0O0 or X-—-00 or M—00 


Ea 


TST 


~ ~ ~ ~ ws 
© @ ~ a @ 
pee eee ee 


# = Number of bytes 
~ = Number of cycles 
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Operations 


Branch Always 
Branch Never 
Branch IF Higher 


Branch IF Carry Clear 
(Branch IF Higher or Same) 
Branch IF Carry Set 
(Branch IF Lower) 
Branch IF Not Equal 
Branch IF Equal 

Branch IF Half Carry Clear 
Branch IF Half Carry Set 
Branch IF Plus 

Branch IF Minus 

Branch IF Interrupt Mask 
Bit is Clear 

Branch IF Interrupt Mask 
Bit is Set 

Branch IF interrupt Line 
is Low 

Branch IF Interrupt Line 
is High 

Branch to Subroutine 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 


Operations 
Branch iF Bit n is set 


Set Bit n 
Clear Bit n 


Symbols: Op = Operation 
# = Number of bytes 
~ = Number of cycles 


BRSET nin=O-7] — |-[-| 28 [3[8| —— | Wn=T_ fe 
Sranch IF Bit nis deat_[BRCLR nin=O=7)[ | 
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Table 7 Branch Instructions 
Condition Code 


e 
Relative Branch Test 
pop| # | ~ FHI TIN i zic 









BCC | 2 | 3 [Cc Sie |e les 
| (BHS) | 24 [ 2 | 3 [Cc oe.) ees 
| Bes | 25 | 2 | 3 [c= Estilo: |e 879 
| (lo) | 25] 2 {3 ic-1 Cd ole lele 
ee ee : 
| BEQ [27 | 2 | 3 [2-1 Ee ees |e 
| BHCC | 28 | 2 | 3 |H=O0 j#lelelele 
| BHCS | 29 | 2 | 3 [H=1 eel silels 
GA 3) Ne | eS 
sar 2] 2) 3 [ver Cd lloilo 

om BABBe 





Table 8 Bit Manipulation Instructions 


| AddressingModes Addressing Modes 


Boolean/ | 

Bit Set/Clear | Bit Test and Branch | Arithmetic Branch Condition Code 
or Te [= [or [a [=| Operation CEA 
eleleia 


See Coe Oe 


(BEET nin=0-7) [1042-n[2|8| — |-|-|i-Mn | ——lelelelele 

ECLA nin=O--7) [11+2-n] 25] ~ | -|-[o-wn | ——Jelelelele 
© HITACHI 
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Table 9 Control Instructions 




















Operations Boolean Operation Condition Code 
reese | FH] I iN{z[c 
Transfer A to X vax [o7[ 1 [2 [AK SS fo fre feel 
Transfer X to A [xa [orf [ 2 [xa Sst—é‘“*ts*~*~*~*d iw fw 
Set Carry Bit sec festa [tfc —Ssé~—SsS@ fo re fe 
Clear Carry Bit CLC 98 { 1 | 1 [O>C fejele;e/o 
Set Interrupt Mask Bit | SEI | 9B 2 [1-41 felijlelele 
Clear interrupt Mask Bt | cli | A] 1 | 2[0a ~~~~—S~CS*S=CS*S PO Ww® 
Software interrupt | _swi_|@3/1|i[ Sf A J ef 
Return from Subroutine | ATS | 81] 1|6| ~~~—S=~S~Ss—<—SsS fe fe fw 
Return from Interrupt mi feottjs,|SS—CSST Pee 
Reset Stack Pointer RSP | 9C | 1 | 2 | $FF—SP jelelele| @ 
No-Operation | NOP) | 9D] 1] 1—_ Advance Prog. Cntr. Only jelelele| e 
Decimal Adjust A a ee ee Gonverts ber binary add of BCD charcters into F@lelala| A® 
Stop -—stor__| ee [7 | 4 relelele 
Wait [war [arti [a | | relele] 
Symbols: Op = Operation * Are BCD characters of upper byte 10 or more? (They are not cleared if set in advance.) 
# = Number of bytes 
~ = Number of cycles 
Table 10 Instruction Set (in pippeperical Crest) 
Addressing Modes Condition Code 
Mnemonic Indexed | Indexed | Indexed = aRael 
implied | Immediate Extended) Relative | (No Offset); (8- ~~ — Bit) | Clear Branch ZiCc 
ee ed ee ee Oe eh ed Ain 
ADD ee ao oT A 
AND ee ae oe KR oe Po oe Ps Soe ae ae Al|A|®@ 
ASL ee ae ee ee ee ee a ee ee ee eee One 
ase [| x | | ™ || |x ~~ [|_| | _fetefataqa 
BCC as ae es ee eo es ee ee eee ee ae 
BOR: occ | ee cf ee ee Se te Me eee ele 
BCS ae eee es ee ee ee eee eee 
BEQ ee ee (a en sO ee CC 
——— EEE 
BHCS x e 
a a 
CBS ee owe eee ee ee See Pe 6 
BIH es nn Se Sn Gs 
BIL ae (re as ae ee ee ee ee ee Ce 
BIT ee ee ee ee ee ee ee ee ee Or 
(BLO) eee ee ee ee ee eee eee eee eee eee Oe 
FAO Se Lt SL RG (AS MARE Se GEL fase ARE CHC 
BMC ae ae eee a Ee ee ee ee ee ee eee 
BMI ee eae eee ee ee eee eee eee eee eae oo 
BMS as eS [eee ees ee eee ee (eee EO 
BNE rt ee ee ee ee a eee ees eee eee eee OOo 
BPL ae ae ae ee ee ee ee ee ee CE 
BRA aaa (Saas (eae a (a (a (ee RE es ed 
Condition Code Symbols: — (to be continued) 
H Half Carry (From Bit 3) Carry/Borrow 


| 
N 
Z 


294 


Interrupt Mask 
Negative (Sign Bit) 


Zero 


Test and Set if True, Cleared Otherwise 
Not Affectea 
Load CC Register From Stack 


~er>n 
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Table 10 Instruction Set (in Alphabetical Order) 


ele|<l|elelelele 


Ol@el<!</@l elo; e@el@ei<i—-|</</@/@sj/@e;/@i@el@ej@eji<i<i<j;@ias<s/< |e] 1e/<Jj—-'61e@ 
® 
8[Nielelelelelefel-[</<[<|</<]<|<[e]e|</<|<|<|<[e[<|<|</e|~/e/</ele|</e|<|</ele|</ele 
Cc 
S[ zlelelelelelelelo)<|<|<|<|</<|<[ele|<|<|<lo|<]e|</<|</e[~je/</ele|</e|<|<lele|<jele 
pw) 
Bl —lelelelelejelolejelelelelelelelelelelelelelejelejeiele|~jeele|-jelelele|~jelelele! 
c : 
3° 
"| tlelolelelelelelelelelelelelelelelelelelelelelelelelelei~jelelelelelelelelelelelele| 
ro.) <= 
a ~ 2 
oe 2 
Fw 
~N ho 
538 
O 





indexed 
(16-Bit) 


indexed 
(8-Bit) 


indexed 
(No Offset) 


Addressing Modes 


Extended 


i 


£ 
9 
oO 
7) 
£ 
£ 
E 
a » 4 x x |x x x |x| x x |x x |x x |X 
£ 
2 
e 
e c |e 
@ a lw | ois a. =~ a 
€ Z/O/Miwiel/o|—/a K jolla iy [Sia oR [aie (91S Sola iE a | |WI9/O/~ |< jO |X |S Sie l[<ig 
x Ji/oaljsji2i/Oja |< lw w |O Oiw |wlik- Els isiain|x 
< TSBs ld idgiS iS iS IS IBIS 2 |S BS 1S BSS is 1S eo le SEE SBI Ibibib alaisiZikis 


Condition Code Symbols: 


Test and Set if True, Cieared Otherwise 


Carry/Borrow 
Not Affected 


C 
A 
e 
? 


Half Carry (From Bit 3) 


Interrupt Mask 
Negative (Sign Bit) 


Zero 


H 
! 

N 
Z 


Load CC Register From Stack 
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Table 11 Operation Code Map 





Bit Manipulation Branch 


Test & Set/ 
Clear 








Branch 


BRSETO BSETO 


BRN 
i 





ee) 

es 
s) | 
a 


4 ” 
> = 
a 
3 
(@) 


— O 
x r 
a a 

oo 

o 

Ei 


BH 


Q 
Oo 


M 
LSR 


oO 
°|2 
On 


ow 
O 
” 


e/a) se Siz/e 
ive] 
ho 






TST(-1) 


BCLR6 | BMS 
BL 
BiH 
2/3 


(NOTES) 1. “—’ is an undefined operation code. 


| | BRSET3 | | BSET3 | | BNE | ROR 
SEO ASR 

a ersera | eseta | BHCC | __ ISL/ASL 

9 | BRciRA ROL 

[A | BRSETS | BSETS DEC 

re | erctrs | ecrs | BM : 

BseTe | _BMC ING 

a 

Go 

G 








ead /Modify/Write 


< 
Oo 


p 4) 5] 6 {7 


ee 
7 






Control Register /Memory 


> 
o) 
> 
t 
= 
a) 
x 


RTI* SUB 
ats? 


BOO DOOnE: 


4 
> 
a 





w” 
m 
2) 
> 
oO 
oO 






ADD 


JSR(+2) | JSR(+1) | D 
ee 

sTx___[Srari) | 
1/1 | 2/2 2/4 | 1/3 | 


” 
~ 
© 
= 





2. The lowermost numbers in each column represent a byte count and the number of cycles required (byte count/number of cycles). 
The number of cycles for the mnemonics asterisked (*) is as follows: 


RTI 8 TAX 2 
RTS 5 RSP 2 
Swi 10 TXA 2 
DAA 2 BSR 5 
STOP 4 cui 2 
WAIT 4 SEI 2 


3. The parenthesized numbers must be added to the cycle count of the particular instruction. 


® Additional Instructions 
The following new instructions are used on the HD6305X2 

and the HD6305 Y2: 

DAA Converts the contents of the accumulator into BCD 
code. 

WAIT Causes the MPU to enter the wait mode. For this mode, 
see the topic, Wait Mode. 

STOP Causes the MPU to enter the stop mode. For this mode, 
see the topic, Stop Mode. 


® OPERATION AT EACH INSTRUCTION CYCLE 

The HD6305X2 and the HD6305Y2 employs a mechanism 
of the pipeline control for the instruction fetch and the sub- 
sequent instruction fetch is performed during the current in- 
struction being executed. — . 

Table 12 provides the information about the relationship 
among each data on the Address Bus, Data Bus and R/W status 
in cycle-by-cycle basis during the execution of each instruction. 


Table 12 Cycle-by-Cycle Operation 


Address Mode & Instructions Address Bus R/W 


Data Bus 





IMMEDIATE 
ADC, ADD, AND, 
BIT, CMP, CPX, EOR, 
LDA, LDX, ORA, 









SBC, SUB 
DIRECT 









ADC, ADD, AND, 
BIT, CMP, CPX, 

EOR, LDA, LDX, 
ORA, SBC, SUB 


Op Code Address +1 
Op Code Address +2 


Op Code Address +1 
Address of Operand 
Op Code Address +2 





Operand Data 
Next Op Code 













Address of Operand | 
Operand Data 
Next Op Code 








(to be continued) 
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Address Mode & Instructions Cycle # Address Bus 


Op Code Address +1 


STA, STX 


JMP 


JSR 


ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 


TST 


EXTENDED 

ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 
STA, STX 


JMP 


JSR 


INDEXED (No offset) 


ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 
STA, STX 


JMP 


Address of Operand 
Op Code Address +1 


Op Code Address +1 
1FFF 

Stack Pointer 

Stack Pointer -1 
Jump Address 


Op Code Address +1 
Address of Operand 
1FFF 

Address of Operand 
Op Code Address +2 
Op Code Address +1 
Address of Operand 
1FFF 

Op Code Address +2 


Op Code Address +1 
Op Code Address +2 
Address of Operand 

Op Code Address +3 


Op Code Address +1 
Op Code Address +2 


Address of Operand 


Op Code Address +3 
Op Code Address +1 
Op Code Address +2 
Jump Address 

Op Code Address +1 
Op Code Address +2 
1FFF 

Stack Pointer 

Stack Pointer -1 
Jump Address 








Op Code Address +1 
Ix 
Op Code Address +1 


Op Code Address +1 
1FFF 


Ix 


Op Code Address +1 


Op Code Address +1 
Ix 
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Op Code Address +1 
Jump Address 
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Data Bus 


Address of Operand 


Data from Acc. 
Data from Ix. 


Next Op Code 


Jump Address 
Next Op Code 


Jump Address (LSB) 
Irrelevant Data 

Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Address of Operand 
Operand Data 
Irrelevant Data 

New Operand Data 
Next Op Code 
Address of Operand 
Operand Data 
Irrelevant Data 

Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 
Operand Data 
Next Op Code 


Address of Operand (MSB) 
Address of Operand (LSB) 


( Data from Acc. 
Data from |x. 


Next Op Code 


Jump Address, (MSB) 
Jump Address (LSB) 
Next Op Code 

Jump Address (MSB) 
Jump Address (LSB) 
Irrelevant Data 

Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Next Op Code 
Operand Data 
Next Op Code 


Next Op Code 
Irrelevant Data 


( Data from Acc. 
Data from |x. 


Next Op Code 


Next Op Code 
First. Op Code of Jump Routine 


(to be continued) 
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Address Bus 


Data Bus | 





Address Mode & Instructions 


JSR 


ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 


TST 


INDEXED (8-bit offset) 
ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 
STA, STX 





JMP 


JSR 


ASR, CLR, COM, 
DEC, INC, LSL, 
LSR, NEG, ROL, 
ROR 


TST 


INDEXED (16-bit offset) 
ADC, ADD, AND, 
BIT, CMP, CPX, 
EOR, LDA, LDX, 
ORA, SBC, SUB 






1FFF 
Stack Pointer 
Stack Pointer -1 


Op Code Address +1 
Op Code Address +1 
1x 

1FFF 

Op Code Address +1 


Op Code Address +1 
1FFF 

Ix + Offset 

Op Code Address +2 
Op Code Address +1 
1FFF 


Ix + Offset 


Op Code Address +2 


Op Code Address +1 
1FFF 


| ix + Offset 


Op Code Address +1 
1FFF 

Stack Pointer 

Stack Pointer -1 

Ix + Offset 


Op Code Address +1 
1FFF 

Ix + Offset 

1FFF 

Ix + Offset 

Op Code Address +1 
Op Code Address +1 
1FFF 

Ix + Offset 

1FFF 

Op Code Address +2 





Op Code Address +1 
Op Code Address +2 
1FFF 

Ix + Offset 

Op Code Address +1 
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Op Code Address +1 
























Next Op Code 

Irrelevant Data 

Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Next Op Code 
Operand Data 
Irrelevant Data 
New Operand Data 
Next Op Code 
Next Op Code 
Operand Data 
Irrelevant Data 
Next Op Code 


Offset 
Irrelevant Data 
Operand Data 
Next Op Code 
Offset 
Irrelevant Data 


( Data from Acc. 
Data from Ix. 


Next Op Code 


Offset 

Irrelevant Data 

First Op Code of Jump Routine 
Offset 

Irrelevant Data 

Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 
Offset 

Irrelevant Data 

Operand Data 

irrelevant Data 

New Operand Data 

Next Op Code 

Offset 

Irrelevant Data 

Operand Data 

Irrelevant Data 

Next Op Code 








Offset (MSB) 
Offset (LSB) 
Irrelevant Data 
Operand Data 
Next Op Code 


(to be continued) 
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Address Mode & Instructions Address Bus | RAW 


Op Code Address +1 
Op Code Address +2 
1FFF 

Ix + Offset 

Op Code Address +3 


Op Code Address +1 
Op Code Address +2 


STA, STX 


JMP 


JSR 


IMPLIED 


ASR, CLR, COM, 
DEC, INC, LSL, 

LSR, NEG, ROL, 
ROR, TST 


CLC, NOP, SEC 
RSP, TAX, TXA 
CLI, SEI 

DAA 


STOP, WAIT 


RTI 


RTS 


swi 





1FFF 
Ix + Offset 


Op Code Address +1 
Op Code Address +2 
1FFF 

Stack Pointer 

Stack Pointer -1 

Ix + Offset 


Op Code Address +1 
Op Code Address +1 


Op Code Address +1 
Op Code Address +1 


Op Code Address +1 
1FFF 
1FFF 
Op Code Address +1 


Op Code Address +1 
1FFF 

Stack Pointer 

Stack Pointer +1 
Stack Pointer +2 
Stack Pointer +3 
Stack Pointer +4 
Return Address 


Op Code Address +1 
1FFF 

Stack Pointer 

Stack Pointer +1 
Return Address 


Op Code Address +1 
1FFF 

Stack Pointer 

Stack Pointer-—1 

Stack Pointer-2° 

Stack Pointer -3 

Stack Pointer -4 

Vector Address 1F FC 
Vector Address 1FFD 
Address of SWI Routine 















OO ON OOP WD — 


and 


© HITACHI 





Op Code Address +1 
Op Code Address +1 
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Data Bus 


Offset (MSB) 
Offset (LSB) 
Irrelevant Data 


( Data from Acc. 
Data from Ix. 


Next Op Code 

Offset (MSB) 

Offset (LSB) 

Irrelevant Data 

First Op Code of Jump Routine 
Offset (MSB) 

Offset (LSB) 

Irrelevant Data 

Return Address (LSB) 
Return Address (MSB) 
First Subroutine Op Code 


Next Op Code 
Next Op Code 


Next Op Code 
Next Op Code 
Next Op Code 


Next Op Code 
Irrelevant Data 


Next Op Code 
Next Op Code 


Next Op Code 
Irrelevant Data 
Irrelevant Data 
Next Op Code 


Next Op Code 

irrelevant Data 

CC 

Acc. 

Ix. 

Return Address (MSB) 

Return Address (LSB) 

First Op Code of Return Routine 


Next Op Code 

Irrelevant Data 

Return Address (MSB) 

Return Address (LSB) 

First Op Code of Return Routine 


Next Op Code 

Irrelevant Data 

Return Address (LSB) 

Return Address (MSB) 

Ix. 

Acc. 

CC 

Address of SWI Routine (MSB) 
Address of SWI Routine (LSB) 
First Op Code of SWi Routine 
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Data Bus | 









Address Mode & Instructions 


[Cycles [Cycle #] Address Bus RW | 
RELATIVE | . 


BCC, BCS, BEQ, Op Code Address +1 Next Op Code 
BHCC, BHCS, BHI, 1FFF Irrelevant Data 
BIH. BIL. BLS . Branch Address ............. Test = 1" ( First Op Code of Branch Routine 
BMC, BMI, BMS, ( Op Code Address +1 .... Test = ‘‘0” Next Op Code 
BNE, BPL, BRA, 
BRN | 
BSR Op Code Address +1 Offset 
1FFF Irrelevant Data 
Stack Pointer Return Address (LSB) 
Stack Pointer-1 | Return Address (MSB) 
Branch Address _ First Op Code of Subroutine 


BIT TEST AND BRANCH 
BRCLR, BRSET 

















Op Code Address +1 © Address of Operand 


Address of Operand Operand Data 
Op Code Address +2 Offset 
1FFF . irrelevant Data 
: ( Branch Address .............. rest ="1"" First Op Code of Branch Address 
Op Code Address +3 ...... Test = “0” Next Op Code 










BIT SET/CLEAR 










BCLR, BSET Op Code Address +1 Address of Operand 
Address of Operand | Operand Data 
1FFF Irrelevant Data 
Address of Operand New Operand Data 


Op Code Address +1 | Next Op Code 


= PRECAUTIONS 
®@ Precaution: Board Design of Oscillation Circuit 


Impossible 







O(EXTAL) 





HD6305X2 
HD6305Y2 


Figure 39 Example of Circuit Causing Trouble in Oscillation 


Wire the signal lines to the neighboring XTAL and EXTAL 
pins as far apart as possible. And locate crystal and capacity as 
close to XTAL and EXTAL as possible. 
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© Precaution; Program of Write Only Register 

Read/Modify/Write instructions are applied to Write Only 
Register (e.g. DDR; Data Direction Register of I/O port) of the 
HD6305X2 and the HD6305Y2 and its contents cannot be 
changed. 


(1) Data cannot be read from Write Only Register. 
(e.g. DDR of I/O port) 
Read/Modify/Write instructions are executed in the follow- 
ing sequence. 
(i) Reads the contents from appointed address. 
(ii) Changes the data which has been read. 
(iii) Turn the data back to the original address. 


Evidently, Read/Modify/Write instructions cannot be applied 
to Write Only Register such as DDR. 


(2) For the same reason, do not set DDR of I/O port using 
BSET and BCLR instructions of the HD6305X2 and the 


HD6305X2 /HD6305Y2 


HD6305Y2. 
(3) In the correct writing method into Write Only Register, 
stored instruction as STA and STX, etc. are used. 


@ Precaution; Sending/Receiving Program of Serial Data 

Reading from or Writing into the SCI data register (SDR: 
$0012) during sending/receiving of serial data may make send- 
ing/receiving operation of SCI out of order. 


@ Precaution; WAIT/STOP Instructions Program 

When I bit of condition code register is “1” and interrupt 
(INT, TIMER/INT,, SCI/TIMER, ) is held, MCU does not enter 
WAIT mode by the execution of WAIT instruction. 

In that case, after the 4 dummy cycles MCU executes the 
next instruction. rae 

In the same way, when external interrupts (INT, INT) are 
held at the bit I set, MCU does not enter STOP mode by the 
execution of STOP instruction. In that case, also, MCU executes 
the next instruction after the 4 dummy cycles. 
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HD63B09, HD63C09 - 
CMOS M PU (Micro Processing Unit) — 


Description Pin Arrangement 





The HD6309 is the highest 8-bit microprocessor 
of HMCS6800 family, which is compatible with the 
conventional HD6809. 


_ The HD6309 has hardware and software features 
which make it an ideal processor for higher level 
language execution or standard controller applica- 
tions. 


The HD6309 is complete CMOS device and its 
power dissipation is extremely low. Moreover, the 
SYNC and CWAI instruction makes low power 
application possible. 


Features 


@ Hardware 
—Interfaces with all HMCS6800 peripherals 
—DMA transfer with no auto-refresh cycle 
@ Software: object code compatible with the 
HD6809 
@ Low power consumption mode (Sleep mode) (Top view) 
—SYNC state of SYNC Instruction 
—WAIT state of CWAI Instruction 
® On chip oscillator _@ PLCC package available 
@® Wide operation range: f = 0.5 to3 MHz (Vcc = 
5 V+10%) 








Type of Products 


Type No. Bus Timing 
HD63B09 2.0 MHz 
HD63CO09 3.0 MHz 


18 19 20 21 22 23 24 25 2 28 


N.C Ag Aig OA) Ayn ONG. OA AAS 


(Top View) 
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HD6309 


‘cae 4 
Block Diagram 


+——- Vcc 
4¢—- Vss 


| 


DD 
m 
” 






| 


z2 
= 


Interrupt FIRQ 
Control TRO 


DMA/BREQ. 
R/W 
Bus : HALT 
Control! | BA 
| BS 
XTAL 
EXTAL 
Timing 
MRDY 
e 
Q 
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HD6309 


Programming Model 


As shown in figure 1, the HD6309 adds three 
registers to the set available in the HD6800. The 
added registers are a direct page register, the user 
stack pointer and a second index register. 


Accumulators (A, B, D) 


The A and B registers are general purpose 
accumulators which are used for arithmetic calcu- 
lations and manipulation of data. 


Certain instructions concatenate the A and B 
registers to form a single 16-bit accumulator. This 
is referred to as the D register. It is formed with the 
A register as the most significant byte. 


Direct Page Register (DP) 


The direct page register of the HD6309 serves to 
enhance the direct addressing mode. The contents 
of this register appears at the higher address out- 
puts (Ag, —A,5) during direct addressing instruction 
execution. This allows the direct mode to be used at 
any place in memory, under program control. To 
ensure HD6800 compatibility, all bits of this regis- 
ter are cleared during processor reset. 


Index Registers (X, Y) 


The index registers are used in indexed mode 
addressing. The 16-bit address in this register takes 


part in the calculation of effective addresses. This 
address may be used to point to data directly or 
may be modified by an optional constant or register 
offset. In some indexed modes, the contents of the 
index register are incremented or decremented to 
point to the next item of tabular data. All four 
pointer registers (X, Y, U, S) may be used as index | 
registers. | 


Stack Pointer (U, S) 


The hardware stack pointer (S) is used automat- 
ically by the processor during subroutine calls and 
interrupts. The stack pointers of the HD6309 point 
to the top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free loca- 
tion on the stack. The user stack pointer (U) is 
controlled exclusively by the programmer thus 
allowing arguments to be passed to and from su- 
broutines with ease. Both stack pointers have the 
same indexed mode addressing capabilities as the X 
and Y registers, but also support push and pull 
instructions. This allows the HD6309 to be used 
efficiently as a stack processor, greatly enhancing 
its ability to support higher level languages and 
modular programming. 


Note: The stack pointers of the HD6309 point to the 
top of the stack, in contrast to the HD6800 
stack pointer, which pointed to the next free 
location on stack. 


15 0 


D 


Pointer Registers 


Program Counter 


Accumulators 


i 0 

Direct Page Register 

/ 0 

le{FlH}i|n{[z}vic| CC — Condition Code Register 





Figure 1. Programming Model of The Microprocessing Unit 
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Program Counter (PC) 


The program counter is used by the processor to 
point to the address of the next instruction to be 
executed by the processor. Relative addressing is 
provided allowing the program counter to be used 


HD6309 
like an index register in some situations. 
Condition Code Register (CC) 


The condition code register defines the state of 
the processor at any given time. See figure 2. 





Condition Code Register Description 
Bit 0 (C) 


Bit 0 is the carry flag. It is usually the carry from 
the binary ALU. C is also used to represent a ‘bor- 
row’ from subtract-like instructions (CMP, NEG, 
SUB, SBC). Then, it is the complement of the carry 
from the binary ALU. 


Bit 1 (V) 


Bit 1 is the overflow flag. It is set to a one by an 
operation which causes a signed two’s complement 
arithmetic overflow. This overflow is detected in 
an operation in which the carry from the MSB in 
the ALU does not match the carry from the MSB 
minus 1. 


Bit 2 (Z) 


Bit 2 is the zero flag. It is set to one if the result 
of the previous operation was identically zero. 


Bit 3 (N) 
Bit 3 is the negative flag. It contains exactly the 
value of the MSB of the result of the preceding 


operation. Thus, a negative two’s-complement 
result will leave N set to one. 


Bit 4 (1) 


Bit 4 is the IRQ mask bit. The processor will not 


Carry 
Overflow 


Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 2. Condition Code Register Format 
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recognize interrupts from the IRQ line if this bit is 
set to one. NMI, FIRQ, IRQ, RES, and SWI all set 
I to one; SWI2 and SWI3 do not affect I. 





Bit 5 (H) 


Bit 5 is the half-carry bit. It is used to indicate a 
carry from bit 3 in the ALU as a result of an 8-bit 
addition only (ADC or ADD). This bit is used by the 
DAA instruction to perform a BCD decimal add 
adjust operation. The state of this flag is undefined 
in all subtract-like instructions. 


Bit 6 (F) 


Bit 6 is the FIRQ mask bit. The processor will not 
recognize interrupts from the FIRQ line if this bit is 
a one. NMI, FIRQ, SWI, and RES all set F to one. 
IRQ, SWI2 and SWI3 do not affect F. 











Bit 7 (E) 


Bit 7 is the entire flag. Set to one, it indicates that 
the complete machine state (all the registers) was 
stacked, as opposed to the subset state (PC and CC). 
The E bit of the stacked CC is used on a return 
from interrupt (RTI) to determine the extent of the 
unstacking. Therefore, the current E left in the 
condition code register represents past action. 
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HD6309 
Signal Description 
Power (Vss, Vcc) 


Two pins supply power to the part: Vss is ground 
or 0 volts, while Vcc is +5.0 V £10%. 


Address Bus (Ay — Aus) 


Sixteen pins output address information from the 
MPU onto the address bus. When the processor 
does not require the bus for_a data transfer, it will 
output address FFFF;,, R/W=high, and BS=low. 
This is a “dummy access” or VMA cycle (see fig- 
ures 25 and 26). All address bus drivers are made 
high impedance when the bus available output (BA) 
is high. Each pin will drive one Schottky TTL load 
or four LS TTL loads, and typically 90 pF. 





Data Bus (Dy — D; ) 


These eight pins provide communication with the 
system bi-directional data bus. Each pin will drive 
one Schottky TTL load or four LS TTL loads, and 
typically 130 pF. 





Read/Write (R/W) 


This signal indicates the direction of data trans- 
fer on the data bus. A low indicates that the MPU 
is writing data onto the data bus. R/W is made high 
impedance when BA is high. Refer to figures 25 and 
26. 


Reset (RES) 


A low level on this Schmitt-trigger input for 
greater than one bus cycle will reset the MPU, as 
shown in figure 3. The reset vectors are fetched 
from locations FFFE;, and FFFF\, (table 2) when 
interrupt acknowledge is true, (BA - BS=1). During 
initial power-on, the reset line should be held low 
until the clock oscillator is fully operational. See 
figure 4. 


Because the HD6309 reset pin has a Schmitt- 
trigger input with a threshold voltage higher than 
that of standard peripherals, a simple R/C network 
may be used to reset the entire system. This higher 


cqxroearnemmesunetoe anton inser tnc RANDOM A TAPE TS ESTO SE TT TT TT TS Sr TT 


Table 1. Pin Description 


Symbol Pin No. VO Function 
Vss 1 Ground 
NMi 2 | Non maskable interrupt 
IRO 3 | Interrupt request 
FIRO 4 | Fast interrupt request 
BS, BA 5, 6 O Bus status, Bus available 
Vec 7 +5 V power supply 
Ao —Ai5 8-23 O Address bus, bits 0-15 
Dz —Do 24-31 1/0 Data bus, bits O-7 
R/W 32 0 Read / Write output 
DMA/BREQ 33 | DMA Bus request 
E,Q 34, 35 O Clock signal 
MRDY 36 | Memory ready 
RES 37 | Reset input 
EXTAL, XTAL 38, 39 | Oscillator connection 
HALT 40 | Halt input 
© HITACHI 
306 Hitachi America Ltd. ¢ 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 


threshold voltage ensures that all peripherals are 
out of the reset state before the processor. 


Halt (HALT) 


A low level on this input pin will cause the MPU 
to stop running at the end of the present instruction 
and remain halted indefinitely without loss of data. 
When halted, the BA output is driven high indicat- 
ing the buses are high impedance. BS is also high 
which indicates the processor is in the halt or bus 
grant state. While halted, the MPU will not respond 
to external realtime requests (FIRQ, IRQ) although 
DMA/BREQ will always be accepted, and NMI or 
RES will be latched for later response. During the 
halt state, Q and E continue to run normally. If the 
MPU is not running (RES), a halted state (BA - BS 
= 1) can be achieved by pulling HALT low while 
RES is still low. See figure 5. 








Bus Available, Bus Status (BA, BS) 


The BA output is an indication of an internal 
control signal which makes the MOS buses of the 
MPU high impedance. This signal does not imply 
that the bus will be available for more than one 
cycle. When BA goes low, an additional dead cycle 
will elapse before the MPU acquires the bus. 


The BS output signal, when decoded with BA, 
represents the MPU state. 


Table 2. Memory Map for Interrupt Vectors 


HD6309 


Interrupt Acknowledge is indicated during both 
cycles of a hardware vector fetch (RES, NMI, 
FIRQ, IRQ, SWI, SWI2, SWI3). This signal, plus 
decoding of the lower four address lines, can pro- 
vide the user with an indication of which interrupt 
level is being serviced and allow vectoring by 
device. See Table 2. 











Sync Acknowledge is indicated while the MPU is 
waiting for external synchronization on an inter- 
rupt line. 


Halt/Bus Grant is true when the HD6309 is in a 
halt or bus grant condition. 


Non Maskable Interrupt (NMI) 


A negative edge on NMI requests that a non- 
maskable interrupt sequence be generated. A non- 
maskable interrupt cannot be inhibited by the pro- 
gram, and also has a higher priority than FIRQ, 
IRQ or software interrupts. During recognition of 
an NMI, the entire machine state is saved on the 
hardware stack. After reset, an NMI will not be 
recognized until the first program load of the 
hardware stack pointer (S). The pulse width of NMI 
low must be at least one E cycle. If the NMI input 
does not meet the minimum set up with respect to 
Q, the interrupt will not be recognized until the next 
cycle See figure 6. 

















Table 3. MPU State Definition 


Memory Map for BA BS MPU State 
Vector Locations 
SS Interrupt Vector 0 0 Normal (Running) 
MS LS Description 0 1 Interrupt or RESET Acknowledge 

—— 1 0 SYNC Acknowledge 
FFFE FFFF RES 1 1 HALT or Bus Grant 
FFFC FFFD NMI 
FFFA FFFB SWI 
FFF8 FFF9 IRO 
FFF6 FFF7 FIRQ 
FFF4 FFF5 SWI2 
FFF2 FFF3 SWI3 
FFFO FFF 1 Reserved 
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Figure 4. Crystal Connections and Oscillator Start Up 
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Figure 5. HALT and Single Instruction Execution for System Debug 
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Figure 6. IRQ and NMI Interrupt Timing 
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Figure 7. FIRQ Interrupt Timing 
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Fast Interrupt Request (FIRQ) 


A low level on FIRQ input will initiate a fast 
interrupt sequence provided its mask bit (F) in the 
CC is clear. This sequence has priority over the 
standard interrupt request (IRQ). It is fast in the 
sense that it stacks only the contents of the condi- 
tion code register and the program counter. The 
interrupt service routine should clear the source of 
the interrupt before doing an RTI. See figure 7. 


Interrupt Request (IRQ) 


A low level input on IRQ will initiate an interrupt 
request sequence provided the mask bit (I) in the CC 
is clear. Since IRQ stacks the entire machine state 
it provides a slower response to interrupts than 
FIRQ. IRQ also has a lower priority than FIRQ. 
Again, the interrupt service routine should clear the 
source of the interrupt before doing an RTI. See 
figure 6. 








Note: NMI, FIRQ, and IRQ requests are sampled on 
the falling edge of Q. One cycle is required 
for synchronization before these interrupts 
are recognized. The pending interrupt(s) will 
not be serviced until completion of the cur- 
rent instruction unless a SYNC or CWAI 
condition is present. If[RQ and FIRQ do not 
remain low until completion of the current 
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instruction they may not be recognized. 
However, NMI is latched and need only 
remain low for one cycle. 





XTAL, EXTAL 


These two pins are connected with parallel reso- 
nant fundamental crystal, AT cut. Alternately, the 
pin EXTAL may be used as a TTL level input for 
external timing with XTAL floating. The crystal or 
external frequency is four times the bus frequency. 
See figure 4. Proper RF layout techniques should be 
observed in the layout of printed circuit boards. 


Note for Board Design of the Oscillation Cir- 
cuit: In designing the board, the following notes 
should be taken when the crystal oscillator is used. 
See figure 8. 


1. Crystal oscillator and load capacity Cin, Cout 
must be placed near the LSI as much as pos- 
sible. (Normal oscillation may be disturbed 
when external noise is induced to pin 38 and 
39.) 


2. Pin 38 and 39 signal line should be wired apart 
from other signal line as much as possible. 
Don’t wire them in parallel with other lines. 
(Normal oscillation may be disturbed when E 
or Q signal feeds back to pin 38 and 39.) 





Figure 8. Board Design of the Oscillation Circuit 
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Designs to be Avoided: A signal line or a 
power source line must not cross or go near the 
oscillation circuit line as shown in figure 9 to pre- 
vent induction from these lines. The resistance 
between XTAL, EXTAL and other pins should be 
over 10 MQ. 


E,Q 


E is similar to the HD6800 bus timing signal ¢,: Q 
is a quadrature clock signal which leads E. Q has no 
parallel on the HD6800. Data is latched on the 
falling edge of E. Timing for E and Q is shown in 
figure 10. 


Memory Ready (MRDY) 


This input control signal allows stretching of E 
and Q to extend data-access time. E and Q operate 
normally while MRDY is high. When MRDY is low, 
E and Q may be stretched in integral multiples of 
half (1/2) bus cycles, thus allowing interface to slow 

memories, as shown in figure 11. The maximum 
stretch is 5 microseconds. 


During nonvalid memory access (VMA cycles) 


MRDY has no effect on stretching E and Q: this 
inhibits slowing the processor during “don’t care” 
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bus accesses. MRDY may also be used to stretch 
clocks (for slow memory) when bus control has 
been transferred to an external device (through the 
use of HALT and DMA/BREQ). 





MRDY also stretches E and Q during dead cycles. 
DMA Bus Request (DMA/BREQ) 


The DMA/BREQ input provides a method of 
suspending execution and acquiring the MPU bus 
for another use, as shown in figure 12. Typical uses 
include DMA and dynamic memory refresh. 


Transition of DMA/BREQ should occur during 
Q. A low level on this pin will stop instruction 
execution at the end of the current cycle. The MPU 
will acknowledge DMA/BREQ by setting BA and 
BS to high level. The HD6309 does not perform the 
auto-refresh executed in the HD6809. See figure 13. 


Typically, the DMA controller will request to use 
the bus by asserting DMA/BREQ pin low on the 
leading edge of E. When the MPU replies by setting 


BA and BS to one, that cycle will be a dead cycle 


used to transfer bus mastership to the DMA con- 
troller. 


Must be avoided. 





Figure 9. Example of Normal Oscillation may be Disturbed 
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False memory accesses may be prevented during 
dead cycles by developing a system DMAVMA 
signal which is low in any cycle when BA has 
changed. 


When BA goes low (a result of DMA/BREQ= 


Start Rt Cycle 


| 
| 
0.8V 


— tavs 
| 
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high), another dead cycle will elapse before the 
MPU accesses memory, to allow transfer of bus 
mastership without contention. 


The DMA/BREQ input should be tied high during 
reset state. 


End of Cycle (Latch Data) 


| 
| 
0.8V 


Figure 10. E/Q Relationship 





Figure 11. MRDY Clock Stretching 
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HD6309 
MPU Operation 





During normal operation, the MPU fetches an ware instructions that alter normal MPU operation 





instruction from memory and then executes the are: SWI, SWI2, SWI3, CWAI, RTI and SYNC. An 
requested function. This sequence begins at RES interrupt, HALT or DMA/BREQ can also alter the 
and is repeated indefinitely unless altered by a normal execution of instructions. Figure 14 illus- 
special instruction or hardware occurrence. Soft- trates the flow chart for the HD6309. 
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* DMAVMA is developed externally, but it is a system requirement for DMA. 


Figure 12. Typical DMA Timing 
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* DMAVMA is developed externally, but it is a system requirement for DMA. 
The HD6309 does not perform the auto-refresh executed in the HD6809. 





Figure 13. DMA Timing 
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Note: Asserting RES will result in entering the reset sequence from any point in the flow chart. 
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HD6309 Interrupt Structure 

Bus State BA BS 
Running 0 0 
Interrupt or Reset Acknowledge 1) 1 
Sync 1 0 
Halt/Bus Grant 1 1 


Figure 14. Flowchart for HD6309 Instruction 


60€90H 


HD6309 
Addressing Modes 


The basic instructions of any computer are 
greatly enhanced by the presence of powerful ad- 
dressing modes. The HD6309 has the most complete 
set of addressing modes available on any micro- 
computer today. For example, the HD6309 has 59 
basic instructions, however, it recognizes 1464 dif- 
ferent variations of instructions and addressing 
modes. The addressing modes support modern pro- 
gramming techniques. The following addressing 
modes are available on the HD6309: 


Implied (includes accumulator) 
Immediate 

Extended 

Extended indirect 

Direct 

Register 

Indexed 

— Zero- offset 

—Constant offset 

— Accumulator offset 

— Auto increment/decrement 
@ Indexed indirect 

@ Relative 

@® Program counter relative 


Implied (Includes Accumulator) 

In this addressing mode, the opcode of the 
instruction contains all the address information 
necessary. Examples of implied addressing are: 
ABX, DAA, SWI, ASRA, and CLRB. 

Immediate Addressing 


In immediate addressing, the effective address of 


the data is the location immediately following the - 


opcode (i.e., the data to be used in the instruction 
immediately follows the opcode of the instruction). 
The HD6309 uses both 8-and 16-bit immediate 
values depending on the size of the argument speci- 
fied by the opcode. Examples of instructions with 
immediate addressing are: 


LDA #$20 
LDX #$F000 
LDY #CAT 


Note: # signifies immediate addressing, $ signifies 
hexadecimal value. 


Extended Addressing 


In extended addressing, the contents of the two 


bytes immediately following the opcode fully spec- 





extended instruction defines an absolute address 
and is not position independent. Examples of 
extended addressing include: 


LDA CAT 
STX | MOUSE 
LDD = $2000 


Extended Indirect 


As a special case of indexed addressing (discus- 
sed below), one level of indirection may be added to 
extended addressing. In extended indirect, the two 
bytes following the postbyte of an indexed instruc- 
tion contain the address of the data. 


LDA [CAT] 
LDX [SF FFE] 
STU [DOG] 


Direct Addressing 


Direct addressing is similar to extended address- 
ing except that only one byte of address follows the 
opcode. This byte specifies the lower 8 bits of the 
address to be used. The upper 8 bits of the address 
are supplied by the direct page register. Since only 
one byte of address is required in direct addressing, 
this mode requires less memory and executes faster 
than extended addressing. Of course, only 256 loca- 
tions (one page) can be accessed without redefining 
the contents of the DP register. Since the DP regis- 
ter is set to $00 on reset, direct addressing on the 
HD6309 is compatible with direct addressing on the 
HD6800. Indirection is not allowed in direct ad- 
dressing. Some examples of direct addressing are: 


LDA $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


Note: < is ‘an assembler directive which forces 
direct addressing. 


Register Addressing 


Some opcodes are followed by a byte that defines 
a register or set of registers to be used by the 
instruction. This is called a postbyte. Some exam- 
ples of register addressing are: 


TFR X,Y Transfers X into Y 
EXG A, B Exchanges A with B 
PSHS A, B, X, Y Push Y, X, B, and A onto $ 


ify the 16-bit effective address used by the instruc- PULU X, Y, D Pull D, X, and Y from U 
tion. Note that the address generated by an 
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Indexed Addressing 


In all indexed addressing, one of the pointer 
registers (X, Y, U, S, and sometimes PC) is used in 
a calculation of the effective address of the operand 
to be used by the instruction. Five basic types of 
indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the 
basic type and variation of the addressing mode as 


HD6309 


and bytes added to the basic values for indexed 
addressing for each variation. 


Zero-Offset Indexed: In this mode, the selected 
pointer register contains the effective address of the 
data to be used by the instruction. This is the fastest 
indexing mode. 


Examples are: 





well as the pointer register to be used. Figure 15 
lists the legal formats for the postbyte. Table 4 LDD 0, X 
gives the assembler form and the number of cycles LDA S 


Indexed 
Addressing 


EA = ,R +5 Bit Offset 


Post-byte Register Bit 


[nln] o[o[ofofo| as 
ogg 
elelohs ole 
ipa 


EA = ,R + 8 Bit Offset 
1! EA = ,R + 16 Bit Offset 
1 EA R + D Offset 


EA = ,PC + 8 Bit Offset 
EA = ,PC + 16 Bit Offset 


EA = [, Address] | 
» eommnnmmnan arnemamementeement 


| L______. addressing Mode Field 
Indirect Field 


(Sign bit when b7 = QO) 
Non Indirect 
Indirect 
Register Field : RR 
00 = X 
01 =Y 
d =Offset Bit 10 =U 
X =Don't Care ‘=as 


{ 





Figure 15. Indexed Addressing Postbyte Register Bit Assignments 
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Constant Offset Indexed: In this mode, a two’s 
-complement offset and the contents of one of the 
pointer registers are added to form the effective 
address of the operand. The pointer register’s initial 
content is unchanged by the addition. | 


Three sizes of offsets are available: 


5-bit (—16 to +15) 
8-bit (—128 to+127) 
16-bit (—32768 to+32767) 


The two’s complement 5-bit offset is included in 
the postbyte and, therefore, is most efficient in use 
of bytes and cycles. The two’s complement 8-bit 
offset is contained in a single byte following the 
postbyte. The two’s complement 16-bit offset is in 


the two bytes following the postbyte. In most cases 
the programmer need not be concerned with the 
size of this offset since the assembler will select the 
optimal size automatically. | 


Examples of constant-offset indexing are: 


LDA 23, X 
LDX ee, 
LDY 300, X 
LDU CAT, Y 


Accumulator Offset Indexed: This mode is 
similar to constant offset indexed except that 
the two’s-complement value in one of the 
accumulators (A, B or D) and the contents of 
one of the pointer registers are added to form 





Table 4. Indexed Addressing Mode 
Non Indirect Indirect 


: Assembler Postbyte ++ Assembler Postbyte ++ 
Type Forms Form 


OP Code ~ # Form OP Code ~}# 
Constant Offset From R No Offset UR 1RROO100 00 [,R] 1RR10100 30 
(2’s Complement Offsets) 
5 Bit Offset n,R- ORRnnnnn 1 0 defaults to 8-bit 
8 Bit Offset n,R 1RRO1000 11 [n, R] 1RR11000 41 
16 Bit Offset n,R 1RRO1001 42 [n, R] 1RR11001 72 


Accumulator Offset From R A Register Offset A,R 1RROO110 10 [A, R} 


(2's Complement Offsets) 


1RR10110 40 


B Register Offset B,R 1RROO101 10 [B, R] 1RR10101 40 


D Register Offset D,R 1RRO1011 40 [D, R] 


1RR11011 70 


Auto Increment/Decrement R_ Increment By 1 R+ 1RROOOOO 2 0 not allowed 
Increment By 2 R++ 1RROOOO1 30 [,R ++] 1RR10001 60 
Decrement By 1 »7R 1RROOO10 20 not allowed 
Decrement By 2 77 —R 1RROOO11 30 [,--—R] 1RR10011 60 
Constant Offset From PC 8 Bit Offset n, PCR 1xx01100 11 [n, PCR] 1xx11100 41 
(2's Complement Offsets) a 
16 Bit Offset n, PCR 1xx01101 52 [n, PCR] 1xx11101 82 
Extended Indirect 16 Bit Address » (n] 10011111 52 
= X,Y, UorS RR: 
x = Don’t Care 00=X 
01=Y 
10=U 
11=S 


* and } indicate the number of additional cycles and bytes for the particular variation. 
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the effective address of the operand. The con- 
tents of both the accumulator and the pointer 
register are unchanged by the addition. The 
postbyte specifies which accumulator to use as 
an offset and no additional bytes are required. 
The advantage of an accumulator offset is that 
the value of the offset can be calculated by a 
program at run-time. 


Some examples are: 


LDA B, Y 
LDX D, Y 
LEAX B, X 


Auto Increment/Decrement Indexed: In the 
auto increment addressing mode, the pointer regis- 
ter contains the address of the operand. Then, after 
the pointer register is used it is incremented by one 
or two. This addressing mode is useful in stepping 
through tables, moving data, or for the creation of 
software stacks. In auto decrement,. the pointer 
register is decremented prior to use as the address 
of the data. The use of auto decrement is similar to 
that of auto increment; but the tables, etc, are 
scanned from high to low addresses. The size of the 
increment/decrement can be either one or two to 
allow for tables of either 8-or 16-bit data to be 
accessed, selectable by the programmer. The pre- 
decrement, post-increment nature of these modes 
allow them to be used to create additional software 
stacks that behave identically to the U and S 
stacks. 


Some examples of the auto increment/decrement 
addressing modes are: 


LDA xt 
STD PP ors 
LDB =) 
LDX eS 


Care should be taken in performing operations on 
16-bit pointer registers (X, Y, U, S) where the same 
register is used to calculate the effective address. 


Consider the following instruction: 
STX 0, X++ (X initialized to 0) 
The desired result is to store a 0 in locations 


$0000 and $0001 then increment X to point to $0002. 
In reality, the following occurs: 


0-temp calculate the EA; temp is a 
holding register 

X+2-X perform autoincrement 

X-—>(temp) do store operation 


Indexed Indirect 


All of the indexing modes with the exception of 





HD6309 


auto increment/decrement by one, or a +4-bit 
offset may have an additional level of indirection 
specified. In indirect addressing, the effective 
address is contained at the location specified by the 
contents of the index register plus any offset. In the 
example below, the A accumulator is loaded in- 
directly using an effective address calculated from 
the index register and an offset. 


Before Execution: 


A= X X (don’t care) 


X=$F000 
$0100 LDA {$10, X] EA is now $F010 
$F010 $F 1 $F150 is now the 
$F011 $50 new EA 
$F 150 $AA 


After Execution: 


A=$AA (Actual Data Loaded) 
X=$F000 


All modes of indexed indirect are included except 
those which are meaningless (e.g., auto increment/ 
decrement by | indirect). Some examples of indexed 
indirect are: 


LDA [,.X } 
LDD (10,S) 
LDA (B,Y] 
LDD [xX] 


Relative Addressing 


The byte(s) following the branch opcode is (are) 
treated as a signed offset which may be added to 
the program counter. If the branch condition is true 
then the calculated address (PC + signed offset) is 
loaded into the program counter. Program execu- 
tion continues at the new location as indicated by 
the PC. Short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of 
memory can be reached in long relative addressing 
as an effective address is interpreted modulo 2%, 
Some examples of relative addressing are: 


BEQ CAT (short) 

BGT DOG (short) 
CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
RAT NOP 


RABBIT NOP 
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Program Counter Relative 


The PC can be used as the pointer register with 8 
-or 16-bit signed offsets. As in relative addressing, 
the offset is added to the current PC to create the 
effective address. The effective address is then used 
as the address of the operand or data. Program 
counter relative addressing is used for writing 
position independent programs. Tables related to a 
particular routine will maintain the same relation- 
ship after the routine is moved, if referenced rela- 


HD6309 Instruction Set 


The instruction set of the HD6309 is similar to 
that of the HD6800 and is upward compatible at the 
source code level. The number of opcodes has been 
reduced from 72 to 59, but because of the expanded 
architecture and additional addressing modes, the 
number of available opcodes (with different ad- 
dressing modes) has risen from 197 to 1464. 


Some of the instructions and addressing modes 
are described in detail below: 


PSHU/PSHS 


The push instructions can push onto either the 


Push/Pull Postbyte 


<Pull Order Push Order— 
PC U Y X DP B A CC 
FFFF---<increasing memory address---O000 


PC S Y X DP B A CC 


Figure 16. Push and Pull Order 


HD6é309 $$$ 


tive to the program counter. Examples are: 


LDA —sC CAT, PCR 
LEAX TABLE, PCR 


Since program counter relative is a type of in- 
dexing, an additional level of indirection is avail- 
able. 


LDA (CAT, PCR] 
LDU (DOG, PCR] 


hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruc- 
tion. 


PULU/PULS 


The pull instructions have the same capability of 
the push instruction, in reverse order. The byte 
immediately following the push or pull opcode 
determines which register or registers are to be 
pushed or pulled. The actual PUSH/PULL 
sequence is fixed: each bit defines a unique register 
to push or pull, as shown in figure 16. 
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TFR/EXG 


Within the HD6309, any register may be trans- 
ferred to or exchanged with another of like-size: i. 
e., 8-bit to 8-bit or 16-bit to 16-bit. Bits 4-7 of the 
postbyte define the source register, while bits 0-3 
represent the destination register (figure 17). They 
are denoted as follows: 


0000—D 0101—PC 
0001—X 1000—A 
0010—Y 1001—B 
0011—U 1010—CC 
0100—S 1011—DP 
Note: All other combinations are undefined and 
invalid. 
LEAX/LEAY/LEAU/LEAS 


The LEA (load effective address) works by cal- 
culating the effective address used in an indexed 
instruction and stores that address value, rather 
than the data at that address, in a pointer register. 
This makes all the features of the internal address- 
ing hardware available to the programmer. Some of 
the implications of this instruction are illustrated in 
table 5. 


The LEA instruction also allows the user to 
access data in a position independent manner. For 
example: 

LEAX MSGI, PCR 
LBSR PDATA(Print message routine) 
MSG1 FCC ‘MESSAGE’ 


This sample program prints: ‘MESSAGE’. By 


Transfer/Exchange Postbyte 





[Solree [oesqangn | 


Figure 17. TFR/EXG Format 


writing MSG1, PCR, the assembler computes the 
distance between the present address and MSGI. 
This result is placed as a constant into the LEAX 
instruction which will be indexed from the PC value 
at the time of execution. No matter where the code 
is located, when it is executed, the computed offset 
from the PC will put the absolute address of MSG1 
into the X pointer register. This code is totally 
position independent. 


The LEA instructions are very powerful and use 
an internal holding register (temp). Care must be 
exercised when using the LEA instructions with the 
autdéincrement and autodecrement addressing 
modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 


LEAa ,b+ (any of the 16-bit pointer 
registers X, Y, U, or S 
may be substituted for a 
and b) 

1. b>temp (calculate the EA) 

2.b + 1—b (modify b, postincrement) 

3. temp —a (load a) 

LEAa ,—b 

1. b —1 —temp (calculate EA with prede- 
crement) | 

2:0: = 13D (modify b, predecrement) 

3. temp —a (load a) 


Autoincrement-by-two and autodecrement-by- 
two instructions work similarly. Note that LEAX, 
X+ does not change X, however LEAX,—X does 
decrement X. LEAX 1, X should be used to incre- 
ment X by one. 


MUL 


Multiplies the unsigned binary numbers in the A 


Table 5. LEA Examples 


Instruction Operation Comment 


LEAX 10, X X+10-X_ Adds 5-bit constant 10 


to X 
LEAX 500, X X+500—X Adds 16-bit constant 
500 to X 
Adds 8-bit A accumula- 
tor to Y 
Adds 16-bit D accumu- 
lator to Y 
Subtracts 10 from U 
Used to reserve area on 
stack 


LEAY A, Y Y+A-Y 


LEAYD,Y Y+D-Y 


LEAU-10, U- U-10-U 
LEAS-10,S $S-10-S 


LEAS 10,S S+10-S _ Used to ‘clean up’ stack 
LEAX 5,S S$+5—-X Transfers as well as adds 
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and B accumulator and places the unsigned result 
into the 16-bit D accumulator. This unsigned mul- 
tiply also allows multiple-precision multiplications. 


Long And Short Relative Branches 


The HD6309 has the capability of program 
counter relative branching throughout the entire 
memory map. In this mode, if the branch is to be 
taken, the 8-or 16-bit signed offset is added to the 
value of the program counter to be used as the 
effective address. This allows the program to 
branch anywhere in the 64k memory map. Position 
independent code can be easily generated through 
the use of relative branching. Both short (8-bit) and 
long (16-bit) branches are available. 


SYNC 


After encountering a sync instruction, the MPU 
enters a sync state, stops processing instructions, 
and waits for an interrupt. If the pending interrupt 


Last Cycle Sync 
of Previous Opcode 
Instruction Fetch . Execute 


Sync Acknowledge (Sleep mode) 





is non-maskable ( NMI) or maskable (FIRQ, IRQ) 
with its mask bit (F or I) clear, the processor will 
clear the sync state and perform the normal inter- 
rupt stacking and service routine. Since FIRQ and 
IRQ are not edge-triggered, a low level with a 
minimum duration of three bus cycles is required to 
assure that the interrupt will be taken. If the pend- 
ing interrupt is maskable (FIRQ, IRQ) with its mask 
bit (F or I) set, the processor will clear the sync 
state and continue processing by executing the next 
inline instruction. Figure 18 depicts sync timing. 








Software Interrupt 


A software interrupt instruction will cause an 
interrupt, and its associated vector fetch. These 
software interrupts are useful in operating system 
calls, software debugging, trace operations, mem- 
ory mapping, and software development systems. 
Three levels of SWI are available on this HD6309, 
and are prioritized in the following order: SWI, 
SWI12, SWI3. 


Last Cycle 
of Sync 
Instruction 


. | 
; sel 
Vin'§ | Note 2 
0.8V : 
— tecs 


Notes: 1.!f the associated mask bit is set when the interrupt is requested, this cycle will be an instruction fetch from 
address location PC + 1.However if the interrupt is accepted (NMI or an unmasked FIRQ or IRQ) interrupt 
processing continues with this cycle as (m) on figures 6 and 7 (interrupt timing). 

2.1f mask bits are clear, IRQ and FIRO must be held low for three cycles to guarantee that interrupt will be 
taken, although only one cycle is necessary to bring the processor out of SYNC. 





Figure 18. Syne Timing 
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16-Bit Operation 


The HD6309 has the capability of processing 16- 
bit data. These instructions include loads, stores, 
compares, adds, subtracts, transfers, exchanges, 
pushes and pulls. 


Cycle-by-Cycle Operation 


The address bus cycle-by-cycle performance 
chart illustrates the memory-access sequence cor- 
responding to each possible instruction and address 
ing mode in the HD6309. Each instruction begins 
with an opcode fetch. While that opcode is being 
internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so 
this technique considerably speeds throughput.) 
Next, the operation of each opcode will follow the 
flow chart.VMA is an indication of FFFFj, on the 
address bus, R/W = high and BS = low. The 
following examples illustrate the use of the chart : 
see figure 19. 





HD6309 


Example 1: LBSR (Branch Taken) 


Before Execution SP = F000 


$8000 


$A000 


LBSR CAT 


CAT 


Cycle-by-Cycle Flow 


Cycle # Address Data R/W Description 





1 8000 17 #1 Opcode Fetch 

2 8001 1F 1 Offset High Byte 

3 8002 FD 1 Offset Low Byte 

4 FFFF * 1 VMA Cycle 

5 FFFF * 1 VMA Cycle 

6 FFFF * 1 VMA Cycle 

7 FFFF * 1 VMA Cycle 

8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 

9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 

Example 2: DEC (Extended) 

$8000 DEC $A000 

$A000 FCB $80 


Cycle-by-Cycle Flow 


Cycle # Address Data R/W Description 





1 8000 7A 1 Opcode Fetch 

2 8001 AO 1 Operand Address, 
High Byte 

3 8002 00 1 Operand Address, 
Low Byte 

4 FFFF * 1 VMA Cycle 

9 A000 80 1 Read the Data 

6 FFFF * 1 VMA Cycle 

7 A000 7F 0 Store the Decremented 
Data 

* The data bus has the data at that particular 

address. 
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; | UNNNN 
Spcode Yes 
100r 11 
No 2nd Opcode 
NNNN +i 
Relative Direct Extended immediate 


©) 


All Instructions 















BCC,BCS Except ANDCC! ANDCC CWA! 
BEQ, BGE ORCC 
BGT, BHI CWAI . 
atts Data [CC Mask} | [oP (wi) 
BLT. BMI NNNN + 1(2) NNNN + 1(2) NNNN +1 NNNN+1 | Stack | 
BNE,BPL : 
‘asr.eve sw 
BVS | FFFE | | NNNN+2(3) NNNN+2 NNNN+2 | | [| Stack | 
| AW) 
NNNN + 1(2) NNNN +1 | FFFF | | [Stack 
PC LowiW) [cc iw) _ 
NNNN +2(3) [Stack J | [Stack 
PC HighiW) 
[FFF | Stack 
T_FFFF 
U Low(w) 
“oOo [Stack 
Branch interrupt 
presen’ 
|_U Hight) | 
TFFFF | [Stack = 
Vector High 
ae 
[stack] 
LBSR 
| Vector Low | Low 
Y_High(W) FFFX+1 
[FFF | [Stack] 
| Don't Care | Care 
X Low(W) La RPFE 
[FFF | [Stack _| 
PC Low (W) |X High(W)_| 


PC High (W) 


Notes: 1. Each state shows 


Address Bus 
. Address NNNN is location of opcode. 
. If opcode is two byte opcode subsequent addresses are in parenthesis ( ). 


. Two-byte opcodes are highlighted. 


hWNh 


Figure 19. Cycle-by-Cycle Performance 
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implied 


ABX Swi 


































Don't Care 
NNNN +1 NNNN +1 DECA/B NNNN +1 NNNN + 1(2) NNNN +1 NNNN+1 | 


INCA/B 
LSLA/B 


PC High | LSRA/B Don't Care 
| UFFFF })©6|_Stack |} NEGA/8 FFFF 


NOP 
ROLA/8 


RORA/B 
SEX FFFF PC Low(W) 
TSTA/B 

mice NNNN+1 J ([__FFFF = [PC HighiW) 


| FFFF |) (U Lowiw) 


C—FFeF | CU rightw) 


| Don’t Care | 
| FFF Y Low(W) 


| Don't Care | 
| FFFF_ | Y High(W) 


| Don't Care | 
| FFFF X Low(W) 


| Don’t Care | 
| FFFF | X High(W) 


Yes 


DP (W) 


CC (W) 


Don't Care 


[Don't Care 


Vector High 


Vector Low 
FFFX+1 | 


Don't Care 


Figure 19. Cycle-by-Cycle Performance (Cont.) 
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Register 


PULU PSHU 
PULS PSHS 


NNNN +1 NNNN+1 NNNN-+1 Fost Byte_No NNNN+1 


[Don't Care 
rere | [| erer | [err XHigh FFF 
rerr_| [reer | fo pStack] 


Don't Care 





Don’t Care 


[Don't Care | 


FFFF 


No 


U/S Low 


|__ Stack | |__Stack__| 


Y High(wW) 





Figure 19. Cycle-by-Cycle Performance (Cont.) 
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Lee 


IHOVLIH® 


No Offset R+16 Bit 














| Offser__| 
| NNNN +2(3) NNNN + 2(3) NNNN + 2(3) NNNN + 2(3) 


Offset Low 
Peer] [err | [NNNNeaca 


| UFFFF 


| FFFF 


[FFF] 


indexed 


NNNN+ 1(2) 


‘onstant Offset 
No Offset 
8-Bit Offset 
16-Bit Offset 
Accumulator Offset 
A Register Offset 
B Register Offset 
D Register Offset 
Auto Increment/Decrement 
increment by 2 
Decrement by 2 


Program Counter Relative 
5-Bn Offset 

16-Bit Offset 

Ext Indi 

16-Bit Address 


PC +16 Bit 


XKXX 





Pointer Register 
Pointer Register + Offset Byte ; 
Pointer Register + Offset High Byte: Offset Low Byte 


Pointer Register +A Register 
Pointer Register+B Register 
Pointer Register +D Register 


Pointer Register * 
Pointer Register-2 


Program Counter + Offset Byte 
Program Counter + Offset High Byte: Offset Low Byte 


Address High Byte: Address Low Byte 


* Pointer Register is incremented following the indexed access. 


Figure 19. Cycle-by-Cycle Performance (Cont.) 


[ottser 
NNNN + 2(3) NNNN +2(3) NNNN + 2(3) NNNN +2(3) NNNN + 2(3) NNNN +2(3) 


Offset Low 
[errr] [Nnnnraa) [rere] [ erer | [reer | [NNNNea«4) 


Extended 
Indirect 


Address High 
NNNN +2(3) 


Address Low 


NNNN + 3(4) 


60€90H 


8ZE 


‘pry Bovewy 1yoeyH 


O0€8-SEr (80r) © LELS6 VO ‘esor ues e enuaAry 9/001, O1ZZ « 


IHOVLIH @ 


JMP 

























ASL,ASR 
CLR,COM 












ADCA/8 
ADDA/B 








































ANDAUE DEC.INC 

BITA/B LSL,LSR ; " 
acme NEG. ROL 
EORA/B ROR [cA 

LDA/B | 

D , | | 

gonne 
SUBA/B | FA S| s[_sFFFF_ 



















Register(W) Register High(W) Don’t Care PC Low(W) 
LEA | UFFFF O})6CL_ FFF | Stack J 





TA 


Register Low(W 


[Register Low(W)| 


[ArT 


PC High(W) 


Don’t Care 


3 





Constant Offset Effective Address (EA) 


No Offset Pointer Register 

5-Bit Offset Pointer Register + Post Byte 

8-Bit Offset Pointer Register + Offset Byte 
16-Bit Offset Pointer Register + Offset High Byte: Offset Low Byte 
A Register Offset Pointer Register +A Register 

B Register Offset Pointer Register +B Register 

D Register Offset Pointer Register +D Register 

Auto Increment/Decrement 

Increment by 1 Pointer Register * 

increment by 2 Pointer Register * 

Decrement by 1 Pointer Register — 1 

Decrement by 2 Pointer Register — 2 

Program Counter Relative 

sot Offset Program Counter + Offset Byte 

16-Bit Offset Program Counter + Offset High Byte: Offset Low Byte 
Indirect indirect High Byte: Indirect Low Byte 

Direct Direct Page Register: Address Low Byte 

Extended | Address High Byte: Address Low Byte 

Immediate NNNN + 1(2) 


* Pointer Register is incremented following the indexed access. 


Figure 19. Cycle-by-Cycle Performance (Cont.) 


| Don't Care | Care 
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Sleep Mode 


During the interrupt wait period in the SYNC 
instruction (the sync state) and in the CWAI 
instruction (the wait state), MPU operation is halt- 
ed and goes to the sleep mode. However, the state 
of I/O pins is the same as that of the HD6809 in this 
mode. 


HD6309 


HD6309 Instruction set Tables 


The instructions of the HD6309 have been broken 
down into five different categories. They are as 
follows: 


- 8-Bit operation (table 6) 
- 16-Bit operation (table 7) 


Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 
ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 
COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TFR R1, R2 


- Index register/stack pointer instructions (table 8) 
- Relative branches (long or short) (table 9) 
- Miscellaneous instructions (table 10) 


HD6309 instruction set tables and Hexadecimal 
Values of instructions are shown in table 11 and 
table 12. 





Table 6. 8-Bit-Accumulator and Memory Instructions 


Operation 

Add memory to accumulator with carry 

Add memory to accumulator 

AND memory with accumulator 

Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or memory location 

Compare memory from accumulator 
Complement accumulator or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive OR memory with accumulator 
Exchange R1 with R2 (R1, R2=A, B, CC, DP) 
increment accumulator or memory location 

Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (Ax B—D) 

Negate accumulator or memory 

OR memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 

Transfer R1 or R2 (R1, R2=A, B, CC, DP) 


Note: A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU (PULS, PULU) instructions. 
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Table 7. 16-Bit Accumulator and Memory Instructions 


Mnemonic(s) 
ADDD 
CMPD 

EXG D,R 
LDD 
SEX 

STD 

SUBD 

TFR D,R 
TFR R,D 





Operation 

Add memory to D accumulator 

Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 

Load D accumulator from memory 

Sign Extend B accumulator into A accumulator 
Store D accumulator to memory 

Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 

Transfer X, Y, S, U or PC to D 


Note: D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) instructions. 


Table 8. Index Register/Stack Pointer Instructions 


Mnemonic(s) 

CMPS, CMPU 

CMPX, CMPY 

EXG R1, R2 

LEAS, LEAU 

LEAX, LEAY 
LDS, LDU 

LDX, LDY 

PSHS 

PSHU 

PULS 

PULU 

STS, STU 

STX, STY 

TFR R1, R2 

ABX 


Operation 


_ Compare memory from stack pointer 


Compare memory from index register 

Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 

Load effective address into index register 

Load stack pointer from memory 

Load index register from memory 


Push A, B, CC, DP, D, X, Y, U or PC onto hardware stack 


Push A, B, CC, DP, D, X, Y, S or PC onto user stack 
Pull A, B, CC, DP, D, X, Y, U or PC from hardware stack 
Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
Store stack pointer to memory 

Store index register to memory 

Transfer D, X, Y, S, U or PC to D, X, Y, S, U or PC 

Add B accumulator to X (unsigned) 
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Table 9. Branch Instructions 


Mnemonic(s) 


BEQ, LBEQ 
BNE, LBNE 
BMI, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


BGT, LBGT 
BGE, LBGE 
BEQ, LBEQ 
BLE, LBLE 
BLT, LBLT 


BHI, LBHI 

BHS, LBHS 
BEQ, LBEQ 
BLS, LBLS 
BLO, LBLO 


BSR, LBSR 
BRA, LBRA 
BRN, LBRN 


Table 10. Miscellaneous Instructions 


Mnemonic(s) 
ANDCC 

CWAI 

NOP 

ORCC 

JMP 

JSR 

RTI 

RTS 

SWI, SWI2, SWI3 
SYNC 


HD6309 


Operation 

Simple Branches 

Branch if equal 

Branch if not equal 

Branch if minus 

Branch if plus 

Branch if carry set 

Branch if carry clear 

Branch if overflow set 

Branch if overflow clear 

Signed Branches 

Branch if greater (signed) 

Branch if greater than or equal (signed) 
Branch if equal 

Branch if less than or equal (signed) 
Branch if less than (signed) 
Unsigned Branches 

Branch if higher (unsigned) 

Branch if higher or same (unsigned) 
Branch if equal 

Branch if lower or same (unsigned) 
Branch if lower (unsigned) 

Other Branches . 

Branch to subroutine 

Branch always 

Branch never 


Operation 

AND condition code register 

AND condition code register, then wait for interrupt 
No operation 

OR condition code register 

Jump 

Jump to subroutine 

Return from interrupt 

Return from subroutine 

Software interrupt (absolute indirect) 


Synchronize with interrupt line 
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Table 11. HD6309 Instruction Set 


- HD6309 Addressing Modes _ ; | | 
Forms oP~5 







1 


WHR BND NPN 


~-NNNM WNHKNY NN 


@ HITACHI 








Description 





B+X—X 
(Unsigned) 


A+M+C-A 
B+M+C-B 


A+M-A 
B+M-B 
D+M:M+1-—-D 
A/M-A 


BAM-B 
CCAIMM-CC 


A 
e | HII» 
M)Cb7 ~~ »bO 


$) cing 


MJ b7 boc 


-~@e e@-- 
_ + 


Q2e@ 


@ ee 


Branch C=0 
Long Branch 
C=0 


Branch C=1 
Long Branch 
C=1 


Branch Z=1 
Long Branch 
Z=1 


Branch N@V=0 
Long Branch 
N@®V=0 


Branch ZV(N@®V)=0 
Long Branch 
ZV(N@V) =O 


Branch CVZ=0 
Long Branch 
CVZ=0 


Branch 

C=0 

Long Branch 
C=0 


Bit Test A(M/AA) 
Bit Test B(M/AB) 


Branch ZV (N@V) = 1 
Long Branch 
ZV(N@V) =1 


Branch C=1 
Long Branch 
C=1 


Branch 
CVZ=1 
Long Branch 
CVZ=1 


Branch N@V=1 
Long Branch 
NOV=1 


Branch N=1 
Long Branch 
N=1 
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Table 11. HD6309 Instruction Set (Cont.) 


HD6309 Addressing Modes 
implied | Direct | Extonded [Immediate] tndoxed 


Instruction/ 


Forms 





jor ~ lor ~ #lor ~ + lor ~ + lor ~ + [or~a 1 


VY ON CN NSBR O 


O YO W Ww WNHDY KN 


oN CO DO OOH N 


&’ WOW fF FF BWW W 
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26 3 


2 





HD6309 


Description 


Branch Z=0 
Long Branch 
Z=0 


Branch N=0 
Long Branch 
N=0 


Branch Always 
Long Branch 
Always 


Branch Never 
Long Branch Never 


Branch to 
Subroutine 
Long Branch to 
Subroutine 


Branch V=0 
Long Branch 
V=0 


Branch V=1 
Long Branch 
V=1 


0-A 
0-B 
0-M 


Compare M from A 
Compare M from B 
Compare M:M+1 
from D 
Compare M:M+1 
from $ 

Compare M:M +1 
from U 

Compare M:M+1 
from X 

Compare M:M+1 
from Y 


eo e@©@ @ © 822 806 


A-A 
BB 
M-—-M 


CCAIMM-CC 
(except 1—€) 


Wait for Interrupt 
Decimal Adjust A 


A-1-A 
B-1-B 
M-1—M 


A®M-A 
B® M-B 


R1-R2@ 
A+13A 
B+1—B 
M+1—-M 
EA®—PC 


Jump to Subroutine @ 
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Table 11. HD6309 Instruction Set (Cont.) 





instruction/ 





334 


# 


ror 
96 
D6 
DC 
10 
DE 
DE 
9E 
10 
9E 
48 2 
58 2 
08 
44 2 
54 2 
04 
3D 11 
40 2 
50 2 
00 
12 2 
9A 
DA 
34 5+4 
36 544 
35 5+% 
37 544 
49 2 
59 2 
09 
46 2 
56 2 
O06 
3B 6/15 
39 5 
92 
D2 
1D 2 
97 
D7 
DD 
10 
DF 
DF 
SF 
10 
OF 


hs 


Pp 


Ono Oo»ihfh 


Hitachi America Ltd. 


Onin AOahpf 


~2/1B6 5 3 


ND 


WNHH WHNN 


WNHN WHKN 


BWW AWWW 


86 2 








 HID6309 Addressing Modes | 

= meet | dood 

oP 8 1 
2 


A6 4+ 2+ 
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Description 


MA 
MB 
M:M+1-D 
M:M+1-S 


oooo!] <{| = 


eee eece|cioc 


M:M+1-U 
M:M+1—>X 
M:M+1->Y 


eee ese@eiziu 


EAS +5 
EAS U 
EAO +x 
EADY 


A 
= } III» 
M/Cb7  bO 


AxB-D 
(Unsigned) 


At+1—-A 
B+1—-B 
Mt+1-M 


©) @ &) 


No Operation 


AVM-A 
BVM-B 
CCVIMM~CC 


-~@8@ @ 


Push Registers on 
S Stack 
Push Registers on 
U Stack 


Pull Registers from 
S Stack 
Pull Registers from 
U Stack 


e } HIT 
MJ Cb7 bO 
: | OP 
M 


C b7 bO 


Return from 
Interrupt 


Return from 
Subroutine 


A-M-C-A 
B-M-C-B 


Sign Extend B 
into A 


A-M 
B-M 
D-M:M+1 
S-M:M+1 


U-M:M+1 
X-M:M+1 
Y>-M:M+1 
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Table 11. HD6309 Instruction Set (Cont.) 


HD6309 Addressing Modes | 
© 


| SUB 


SW! 





SUBA 90 4 2/|BO 5 3/80 2 2 |AO 4+ 2+ A-M-A 8 
SUBB DO 4 2/FO 5 3:CO 2 2 )|EO 4+ 2+ B-M-—B ® 
SUBD 93 6 2|B3 7 3|83 4 3 /A3 6+ 2+ D-M:M+1—-D @ 
swi® Software Interrupt 1 @ 
swi2® Software Interrupt 2 @ 
swi3® Software Interrupt 3 @ 
Synchronize to 9 
Interrupt 
R1>R2@ 
Test A 
Test B 
Test M 
Legend: OP Operation Code (Hexadecimal) Z Zero (byte) 
~ Number of MPU Cycles V Overflow, 2's complement 
# Number of Program Bytes Cc Carry from bit 7 
ca Arithmetic Plus i Test and set if true, cleared otherwise 
om Arithmetic Minus @ Not Affected 
x Multiply Ce Condition Code Register 
M Complement of M : Concatenation 
> Transfer Into V Logical or 
H Half-carry (from bit 3) \ cogical and 
N Negative (sign bit) ® Logical Exclusive or 


Notes: 


@ This column gives a base cycle and byte count. To obtain total count, and the values obtained from the Indexed Addressing 
Modes tabie. 

@ R1 and R2 may be any pair of 8-bit or any pair of 16-bit registers. 
The 8-bit registers are: A, B, CC, DP 
The 16-bit registers are: X, Y, U, S, D, PC 

@) EA is the effective address. 

The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 

(6) 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 

© SWI sets | and F bits. SWI2 and SWI3 do not affect | and F. 

@ Conditions Codes set as a direct result of the instruction. 

Value of half-carry fiag is undefined. 

@ Special Case—Carry set if b7 is SET. 

Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 
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Table 12. Hexadecimal Values of Machine Codes 


Indexed indexed 6+ 


COM Indexed COM 
LSR Implied LSR 

* * 

ROR ROR 

ASR ASR 
ASL, LSL ASL, LSL 
ROL ROL 

DEC DEC 

* Implied * 

INC immed INC 

TST Implied TST 

JMP JMP 
CLR Direct implied CLR Indexed 


See > - Implied Extended 
Next Page = * 
NOP implied * 
SYNC Implied COMA COM 
. LSRA 1 LSR 
* * 
Relative RORA ROR 
Relative ASRA ASR 
ASLA, LSLA ASL, LSL 
Implied ROLA ROL 
ORCC Immed DECA DEC 
* * . * 
ANDCC Immed INCA INC 
SEX implied TSTA TST 
EXG * JMP 
TFR Implied CLRA _ Implied CLR Extended 


WwWWWwW Ww WW 


NN >] ND 
WWW Ww 


BRA Relative 
BRN 

BHI 

BLS 

BHS, BCC 

BLO, BCS 

BNE 

BEQ 

BVC 

BVS 

BPL 

BMI 

BGE 

BLT 

BGT 

BLE Relative 


NEGB Implied SUBA Immed 
* CMPA 

* SBCA 

COMB SUBD 

LSRB 1 ANDA 

* BITA 

RORB LDA 

ASRB * 

ASLB, LSLB EORA 

ROLB ADCA 

DECB ORA 

* ADDA 

INCB CMPX Immed 
TSTB BSR Relative 
* LDX immed 
CLRB Implied * 


NNN WNDN KN 


NNNONNNNNNNNNNN DN NH 
WN WNNN ND 





Legend: ~ Number of MPU cycles (less possible push pull or indexed-mode cycles) 
# Number of program bytes 
* Denotes unused opcode 
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Table 12. Hexadecimal Values of Machine Codes (Cont.) 


Extended 6 


6 
6 
6 


Extended 


2 Bytes Opcode 


1021 LBRN Relative 
1022 LBHI 
1023 LBLS 
1024 LBHS, 
1025 LBCS, 
1026 LBNE 
1027 LBEQ 
1028 LBVC 
1029 LBVS 
102A LBPL 
102B LBM! 
102C LBGE 
102D LBLT 
102E LBGT 
102F LBLE Relative 
103F SWI2 Implied 
1083 CMPD immed 
108C CMPY 
108E LDY lmmed 
1093 CMPD Direct 
Indexed 109C CMPY 
109E LDY 
109F STY Direct 
10A3 CMPD Indexed 
indexed 10AC CMPY 
10AE LDY 
10AF STY Indexed 
10B3 CMPD Extended 
10BC CMPY 
10BE LDY 
10BF STY Extended 
10CE LDS Immed 
10DE LDS Direct 
10DF STS Direct 
10EE LDS Indexed 
Indexed 10EF STS Indexed 
10FE LDS Extended 
10FF STS Extended 
113F SWI3 Implied 
1183 CMPU immed 
118C CMPS immed 
1193 CMPU Direct 
119C CMPS Direct 
11A3 CMPU indexed 
11AC CMPS Indexed 
11B3 CMPU Extended 
11BC CMPS Extended 


Direct 


AOaOnnrPrp PhP PPAHRA HDA HAA 
NNMNNNDNYM NNO NNMNN NNN N NO 


Direct 


Indexed 


AnanprphAhAROOLAA 
NNONNHNHNNNNHNNNNHNDNN 


Direct 


WWWWA KHANH AA HAPAPAH APA ADAH AHA AHA 


Extended 


+ 
+ 


+ 
+ 


Extended 


WWWwWWWW WWW WWW WW WwW 


Extended 


+ 


Immed 


Pn eat ne eh eens eee ge eee erga 


WWWwWWWW WwW WWW WH 


NM NM ®W NHN bh 





Extended 


Note: All unused opcodes are both undefined and illegal. 
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Note for Use 
Compatibility with NMOS MPU (HD6809) 


The difference between HD6309 (CMOS) and 
HD6809 (NMOS) is shown in table 13. 


Execution Sequence of CLR Instruction 
Cycle-by-cycle flow of CLR instruction (direct, 


extended, indexed addressing mode) is shown 
below. In this sequence the contents of the memory 


location specified by the operand is read before 


writing 00 into it. Note that status flags, such as 
IRQ Flag, will be cleared by this extra data read 


operation when accessing the control/status regis- 


ter (sharing the same address between read and 
write) of peripheral devices. 





Example: CLR (Extended) 


$8000 CLR $A000 
$A000 FCB $80 


Cycle # Address Data R/W Description 


1 8000 7F 1 Opcode Fetch 
Z 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
| Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
7 A000 00 0 Store Fixed 00 into 


Specified Location 


* The data bus has the data at that particular address. 


Table 13. Difference between HD6309 and HD6809 








item HD6309 (CMOS) HD6809 (NMOS) 
MRDY Stretch Unit integral multiples of half (1/2) bus integral multiples of quarter (1/4) bus 
cycles cycles 
1/2 cycle 1/4 cycle 
—-t 
E ce a aed sa 
0] 
tecsm 
MRDY 
Stretch Time 5 us max 10 ws max 
DMA/BREQ = Auto-refresh None Executed 
External Clock Input XTAL floating XTAL grounded 
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Application Note for System Design 


At the trailing edge of the address bus, the noise 
pulses may appeare on the output signals in 
HD6309. 


Note the noise pulses and the following measures 
against them. 


Noise Occurrence Condition: As shown in figure 
20, the noise pulses which are 0.8 V or over may 
appear on E and Q clocks when the address bus 
changes from high to low. 


If the address buses (Ay -A;5, and R/W) change 
from high to low, the transient current flows 
through the GND. The noise pulses are generated 
on the LSI’s Vss pins according to the current and to 
the impedance state of the GND wirings. 


Figure 21 shows the noise voltage dependency on 
the each parameter. 


Figure 23 shows the noise voltage dependency on 


HD6309 


the load capacitance of the address bus. 


Note: The noise level should be carefully checked 
because it depends on the each parameter of 
actual application system. 


Noise Reduction: 

1. Control each parameter such as Cd, V cc, Zg in 
figure 21, and the noise level is reduced to be 
allowable. 

2. Insert a bypass capacitor between the Vcc and 
the GND of the HD6309. 

3. Connect the CMOS buffer with noise margin to E 
and Q clocks. 

4. Insert the damping registors to the address bus. 
That is effective for the noise level to reduce less 
than 0.8 V. The damping resistor is about 40-50 
Q on the higher byte of the address bus (A 15 — 
Ag )and about 130-140 © on the lower byte of the 
address bus (A; —Ay), and R/W as shown in 
figure 22.. Electrical characteristics do not 
change by inserting the damping resistors. 


Noise peek (worst case) 
: about 1.0V 


Ao—Ais \ 


R/W 

Test condition 
T, = -20°C 
Vec =5.5V 


: Noise Voltage 
Z, : GND Impedance 
: Address bus load capacitance 
: Number of address bus lines 
switching from H to L 











Number of address bus lines switching 
from High to Low = 17 
ete bus eee) 
R/W High-Low 





Figure 21, Dependency of the Noine Voltage on Each Parameter 
HITACHI 
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Damping Resistors 


130—1402 
130—1402 


tance of HD6309 


Maximum Capaci- | 
Specification 


Conditions 
T, =25°C 
=0 
N =17 


_—-— Connecting 
Damping 
Resistors (Vcc =5 V) 


Noise Voltage Va 


ed 
a 


100 = (pF) 
Address Bus Load Capacitance Cy 





Figure 23. Dependency of the Noise Voltage on the Load Capacitance of the Address Bus 
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Absolute Maximum Ratings 
Item 

Supply Voltage 

Input Voltage 

Maximum Output Current 


Maximum Total Output Current 





Operating Temperature 


Storage Temperature 


Notes: 1. ,With respect to Vcc (system GND) 


Value 


-0.3 to +7.0 


-0.3 to +7.0 


5 


100 


—20to +75 


—55 to +150 


HD6309 


Unit 


mA 


mA 


2. Maximum output current is the maximum currents which can flow out from one output terminal and 1/O common terminal 


(Ag -Ai5, RW, Dg -D7, BA, BS, Q, E). 


3. Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and 
1/0 common terminals (Ag -Ay5, RW, Do -D7, BA, BS, Q, E). 
4. Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended 
operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


Recommended Operating Conditions 


item 

Supply Voltage 

Input Voltage EXTAL 
Other Inputs 
RES 
EXTAL 
Other Inputs 

Operating Temperature 


Note: 1. With respect to Vss (system GND) 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue ° San Jose, CA 95131 © (408) 435-8300 


Symbol Min 
Vec! 4.5 
Vit -0.3 
-0.3 
Vin! Vec—0.5 
Vcc X0.7 
2.0 
Tope ~20 
@ HITACHI 


Typ 


5.0 


25 


Max 


5.5 


0.6 


0.8 


Unit 


<i} <c]}/ca];}ay<cty< 


o>) 
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Electrical Characteristics 





DC Characteristics (Vcc=5.0 V = 10%, Vss=0 V, Ta=—20 to +75°C, unless otherwise noted.) 


item 


Input High Voltage RES 
EXTAL 


Other Inputs 


Input Low Voltage EXTAL 


Other Inputs 


Input Leakage Current Except EXTAL, 
XTAL 


Three State (Off State) Dp -D7 
Input Current 


Output High Voltage Dy-D7 


Ao -Ais, R/W 


Ao -Ais, R/W, 


0, € 
BA, BS 


Output Low Voltage 


Input Capacitance Dy -D7 


Except Do -Dy 


Output Capacitance Ag-Ajs5, R/W, 
BA, BS 


Current Dissipation 
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HD63B09 HD63C09 
Symbol Min Typ Max Min 
Vin Vec-0.5 Vee Vec-0.5 
VecX0.7 Veo VecX0.7 
2.0 Vec 2.0 
Vit -0.3 06 -03 
-0.3 0.8 -0.3 
lin -2.5 2.5 -2.5 
Ke -10 10 -10 
—10 10 -10 
Vou 4.1 4.1 
Vec—0.1 Vec-0.1 
4.1 4.1 
Vec—0.1 Vec-0.1 
44 4.1 
Vec—-0.1 Vec-0.1 
Vor 0.5 
Cin 15 
10 
Cout 12 
= 24 
15 
© HITACHI 


10 
10 


0.5 
15 


10 
12 


36 
18 


V 


HA 


uA 


pF 


pF 


mA 


Typ Max Unit Test Condition 


Vin =O to Vec, 
Vcc =max 

Vi, =0.4 to Voc, 
Vec = max 

lLoan= —400zA 
hoan=—10zA 
hoap=—400uA 
hoa 104A 
Loan = ~400zA 
lLoan=—10nA 


hoap =2mA 


Vi, = OV, 
T, =25°C, 
f= 1MHz 


Operating 
Sleeping 


HD6309 


AC Characteristics (Vcc=5.0 V + 10%, Vss=0 V, Ta=—20 to +75°C, unless otherwise noted.) 


Clock Timing 


HD63B09 HD63CO9 
item Symbol Min Typ Max Min Typ Max Unit Test Condition 
Frequency of Operation AyTAL 2 8 2 12 MHz Figs. 25, 26 
(Crystal External Input) 
Cycle Time teye 500 2000 333 2000 ns 
Total Up Time tut 480 310 ns 
Processor Clock High tpweH 220 5000 140 5000 ns 
Processor Clock Low teweL 210 1000 140 1000 ns 
E Rise and Fall Time te,, ter 20 20 —ons 
Ei ow tO Onignh Time tavs 100 140 70 100 ns 
Q Clock High tepwou 220 1000 140 1000 ns 
Q Clock Low tewar 220 5000 140 5000 ns 
Q Rise and Fall Time tor, tor 20 20 ~=ons 
OQ, ow tO Exow Time toe 100 70 ns 
Bus Timing 
HD63B09 HD63CO09 
Item Symbol Min Typ Max Min Typ Max Unit Test Condition 
Address Delay © tp 910 910 ns Figs. 25,26 
Peripheral Read titi e~~:*«Cs—~<“‘“‘COC(#*COOOOOUOUOUOUOUSTT 
Access Time 
SOUT AC a a 
Data Set Up Time tose 40 40 ns 
SEL I ot 
Input Data Hold Time tok 10 10 ns 
Address Hold Time Ta=Oto+75°C ty, 20 20 ns 
Ta=-20to0C 10 410. 
Data Delay Time topw 110 70 ~~ =ns 
(Write) 
Output Hold Time Ta=Oto+75°C tow 30 30 ns 
Ta=-20to0C 20, 2 | 
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Processor Control Timing 


item : Symbol 
MRDY Set Up Time tpcsm 
MRDY Set Up Time 2 tecsm2 
Interrupts Set Up Time tecs 
HALT Set Up Time tecsH 
RES Set Up Time tpcsR 
DMA/BREO Set Up Time | tecsp 
Processor Control Rise and Fall Timetpc,, 

toce 
Crystal Oscillator Start Time tac 


Test Point 


HD63B09 


Min Typ Max 


110 
240 
110 
110 
110 
110 


20 


100 








HD63C09 


Min Typ Max Unit Test Condition 


70 ns Figs. 3-7 
160 ns Figs. 11, 12 
70 ns 
70 ns 
110 ns 
70 © ns 
100 ns 
20 ms 


> C= 30 pF (BA, BS) 
130 pF (Do-D7 , E, Q) 
90 pF (Ao -Ais, R/W) 
-R= 10k (Do-D7) 


10 kQ (Ap -Ajy5, E, Q, R/W) 
-~10kQ (BA, BS) 


All diodes are 1$2074@) or equivalent. 
C includes stray capacitance. 


Figure 24. Bus Timing Test Load 


@ HITACHI 


344 Hitachi America Ltd. * 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


HD6309 


Veo -2.0V Veco — 2.0V 
teweH 


ADDR _ = haa | 
=e isa TSS 
| a 


tacc 
tap tour 


- tosr 


QQ een SS 
RS Not Valid 


/ 





Figure 25. Read Data from Memory or Peripherals 


Vec —-2.0V 


Vee -2.0V. Vee —2.0V 


PT ay 


a) a 
Vec - 2.0V RR a 
ae" Sy | TS 


toHw 


i | V 
, AA . ata Vali — — 
SS : SM Data Valid SS 


yn Not Valid 





Figure 26. Write Data to Memory or Peripherals 
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Package Dimensions 


Unit : mm (inch) 





52.8(2.079) 
54.0max. (2.1 26max.) 


(0.528) 
14.6max. 
(0.575max.) 


(0.600) 


(0.020min.) 


5.08max. 
(0.200max.) 





2.54+0.25 0.48+0.1 


¢ 
€ 

(0.100+0.010) (0.019+0.004) 3 0°~ 15° 
“ 


(0.100min.) 


17.53 +0.12(0.690 + 0.005) 


0.43+0.10 
——H" 0.017 + 4.004) 
15.50 + 0.50(0.610 + 0.020) 


17.53 +0.12(0.690 +0.005) 
16.58(0.653) 


F 
| 


16.58(0.653) 


4.4+0.2 
(0.173 +0.008) 


To. 10(0.008)) 


(SEATING PLANE) 


i .27(0.050) | 


ied ee 
11550 +0.50(0.610 + 0.020) 


2.55 +0.15(0.100 + 0.006) 
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HD63BO9E,HD63CO9E 





CMOS MPU (Micro Processing Unit) 


The HD6309E is the highest 8-bit microprocessor of 
HMCS6800 family, which is just compatible with the con- 
ventional HD6809E. 

The HD6309E has hardware and software features which 
make it an ideal processor for higher level language execution or 
standard controller applications. External clock inputs are 
provided to allow synchronization with peripherals, systems or 
other MPUs. 

The HD6309E is complete CMOS device and the power 
dissipation is extremely low. Moreover, the SYNC and CWAI 
instruction makes low power application possible. 


HD63BO9EP, HD63CO9EP 


FEATURES 
Hardware — Interface with All HMCS6800 Peripherals 
Software — Object Code Compatible with the HD6809E 
Low Power Consumption Mode (Sleep mode) 

SYNC state of SYNC Instruction 

WAIT state of CWAI Instruction 
External Clock Inputs, E and Q, Allow Synchronization 
@ Wide Operation Range 
f = 0.5 to 3MHz (Vcc=5V £10%) 


@ PIN 














Bus Timing 


| Type No. 
H D63B09E 
HD63CO9E 








HD6309E 


(Top View) 
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Ais 


Ais 


Ai3 


= ABSOLUTE MAXIMUM RATINGS 


Item Symbol 
Supply Voltage 


Value Unit 


-0.3 ~ +7.0 V 
-0.3 ~ +7.0 V 


< 


3 
> 


QO 
O 


Input Voltage 

Maximum Output Current 
Maximum Total Output Current 
Operating Temperature 


[ZIo|*** 
-20 ~ +75 °C 


Storage Temperature -~55 ~ +150 °C 


+ 


* With respect to Vss (SYSTEM GND) 
** Maximum output current is the maximum currents which can flow out from one output terminal and |/O common terminal. 
(Ao ~ Ais, R/W, Do ~ D,, BA, BS, LIC, AVMA, BUSY) 


HD6309E 


*** Maximum total output current is the total sum of output currents which can flow out simultaneously from output terminals and !/O common 


terminals. (Ay ~ Ais, R/W, D, ~ D,, BA, BS, LIC, AVMA, BUSY) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 


If these conditions are exceeded, it could affect reliability of LSI. 


= RECOMMENDED OPERATING CONDITIONS 


Supply Voltage Veer [4s so dT 8s 
= an 
ourvorage (Op wes | 03 [Toe 
ae ee er ba 
peg) Wet “(a0 Mes v 
Rs TVeo-05 [= | Voc v 


* With respect to Vsg (SYSTEM GND) 


® ELECTRICAL CHARACTERISTICS 
® DC CHARACTERISTICS (Veco =5.0Vt10%, Vsg=O0V, Ta=- 20 ~ +75°C, unless otherwise noted.) 


HD63B09E HD63CO9E 
item Symbol Test Condition : 


| max _| 
C 
Input “High” Voltage L Vin | 


Vcc 


3 


a t 

mle 18 
7) 

< 

=z 


Logic, RES | Vu | 
Input ‘‘Low’”’ Voltage ate 
Logic, Q, RES Vin=0~ V 
Vcc =max 


VILC 
D. ILOAD=—400uA 
° 'LOADS—10nA Vcc—0.1 


2 
Oo 
] 


ILOAD=—400uA 
ILOADS—~10nA Vcc—0.1 


Output “‘High’” Voltage | Ao ~ Ais, R/W 


BA, BS, LIC, 
AVMA, BUSY 


ILOAD=—400KuA 
ILOAD S—10nA Vec-—9.1 


ILOAD=2mA 


B) 


Output “’Low” Voltage 


Dy ~D,, Logic 
Input Capacitance Input Q, RES 


VOH 
VOL 
| Ao ~Aes , R/W, 
Output Capacitance BA, BS, LIC, Cout 
AVMA, BUSY 


Frequency of Operation 





ARR 5 
Tele lett j 
o| 7) d}7| ° 
=} fous} | — or 


G 
* 
<j<ji< 
Q 10 
Q JO (IO 


Three-State (Off State) Vin70.4~Vcc, 

Input Current Ac~Ais, RW | TS! Voc=max 

Current Dissipation loc 
*Ta=25°C, Voc=5V 
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Unit 


< 


<j<[<[< 


BA 


pF 
pF 
pF 


MHz 
LA 
uA 


mA 
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@ AC CHARACTERISTICS (Vcc=5.0V+10%, Veg=0, Ta=—20 ~ +75°C, unless otherwise noted.) 
1. CLOCK TIMING | 


| typ | 


Cycle Time | teyc | 


HD63COSE 


E Clock “Low” tPWEL 
E Clock “High’’ (Measured at V}}4) 
E Rise and Fall Time 

Q Clock “High” 

O Rise and Fall Time 

E “Low” toQ Rising tEQ1 
Q “High” to E Rising LQ “High"->E “High” | te 
E “High” to Q Falling tEO3 
Q “Low” to E Falling 


2. BUS TIMING 
| | HD63BO9E HD63CO9E 
Item Symbol! Test Condition 
typ | typ | 
taD | 


~~ Address Delay 
Address Hold Time Ta=0~ 75°C 
(Address, R/W, BA, BS) | +, - ~20~0°C 


Peripheral Read Access Times 
(teye—tEf—tap—tpSR=tacc) 
Data Setup Time (Read) 


om 


1 


© 


tacc 


input Data Hold Time 


J 
o 


Data Delay Time (Write) 
Ta =0~75°C 
Output Data Hold Time 
Ta = -20~0°C 


3. PROCESSOR CONTROL TIMING 


| | | | re eer HD63B09E HD63CO9E 
tem ympDo est Conaition y 


Control Delay (BUSY, LIC, AVMA) tcp 
Interrupts Set Up Time tpcs 


a 
< 
ae) 








HALT Set Up Time tpcs 70 

RES Set Up Time 70 
Fig. 1, 2, 

TSC Setup. Time tpcs 2 


7~ 10, 


TSC Drive to Valid Logic Levels SA 14 and 17 


TSC Release MOS Buffers to High Impedance| trspR 
TSC Three-State Delay s 


Processor Control Rise/Fall 


et 

Tc 
gl4lala 
—t iw] 

o> 

a) 

i?) 

= 


TSC Input Delay tpcT 
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| 8 Si8i8 
3 eoj;6/56 


© 


Unit 


ns 
ns 
ns 
ns 
ns | 
af = 
ns 
ns 
ns 


ns 


Unit 
ns 


ns 


ns 


ns 
ns 


ns 


ns 


Unit 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 


HD6309E 





ViH 





Vcec—2.0V = 
aw SS 


Addr. Vcc—2.0V SL | 





t 
taD tacc tosR> ae 
N\ Data i) 
BUSY, SSS I Vec-2.0V 
\S 
AVR SSsss QL ov 


AVMA 


\\\\\ Not Valid 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High’’ = Vipmin and logic “Low” = Vii max unless otherwise specified. 


Figure 1 Read Data from Memory or Peripherals 


teyc 


VILC 





cc~2. : 
pss SS | : WL Data Valid SS 
Vec-2.0V _ 





(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vipymin and logic “Low” = Vit max unless otherwise specified. 


Figure 2 Write Data to Memory or Peripherals 
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Ay~A\s 


iN , A. Vcc 
meee Vs 


ALU 


, Le 
Nm 


Interrupt FIRG 
Control iRG 


LIC 
AVMA 
R/W 


TSC 


Bus HALT 
Control BA 





BS 
BUSY 
E 

Q 


Figure 3 HD6309E Expanded Block Diagram 


5.0 V 


Ri. =1.8k2 


Test Point 


C R 


C = 30 pF for BA, BS, LIC, AVMA, BUSY 
130 pF for Dp ~D, 
90 pF for Ayo ~ Ais, R/W 
R =1C.kQQ for Do ~D, 
10 kQQ for Ay ~A,5, R/W 
10 kQ2 for BA, BS, LIC, AVMA, BUSY 


All diodes are 1$2074(H) or equivalent. 
C includes stray capacitance, 


Figure 4 Bus Timing Test Load 


« PROGRAMMING MODEL 

As shown in Figure 5, the HD6309E adds three registers to 
the set available in the HD6800. The added registers include a 
Direct Page Register, the User Stack pointer and a second 
Index Register. 


@ Accumulators (A, B, D) 

The A and B registers are general purpose accumulators 
which are used for arithmetic calculations and manipulation 
of data. 

Certain instructions concatenate the A and B registers to 
form a single 16-bit accumulator. This is referred to as the D 
Register, and is formed with the A Register as the most 
significant byte. 


@ Direct Page Register (DP) 

The Direct Page Register of the HD6309E serves to enhance 
the Direct Addressing Mode. The content of this register 
appears at the higher address outputs (Ag ~ Aj;5) during direct 
addressing instruction execution. This allows the direct mode 
to be used at any place in memory, under program control. 
To ensure HD6800 compatibility, all bits of this register are 
cleared during Processor Reset. 
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Pointer Registers 






Program Counter 





Accumulators 


a pe 
D 


7 


0 


7 


0 
lefefuli[nu{zivic. CC — Condition Code Register 


Figure 5 Programming Model of The Microprocessing Unit 


@ Index Registers (X, Y) 

The Index Registers are used in indexed mode of addressing. 
The 16-bit address in this register takes part in the calculation 
of effective addresses. This address may be used to point to 
data directly or may be modified by an optional constant or 
register offset. During some indexed modes, the contents of 
the index register are incremented or decremented to point to 
the next item of tabular type data. All four pointer registers 
(X, Y, U, S) may be used as index registers. 


@ Stack Pointer (U, S) 

The Hardware Stack Pointer (S) is used automatically by 
the processor during subroutine calls and interrupts. The User 
Stack Pointer (U) is controlled exclusively by the programmer 
thus allowing arguments to be passed to and from subroutines 
with ease. The U-register is frequently used as a stack marker. 
Both Stack Pointers have the same indexed mode addressing 
capabilities as the X and Y registers, but also support Push and 
Pull instructions. This allows the HD6309E to be used effi- 
ciently as a-stack processor, greatly enhancing its ability to 
support higher level languages and modular programming. 


(NOTE) The stack pointers of the HD6309E point to the top 
of the stack, in contrast to the HD6800 stack pointer, 
which pointed to the next free location on stack. 


© Program Counter (PC) 

The Program Counter is used by the processor to point to 
the address of the next instruction to be executed by the 
processor. Relative Addressing is provided allowing the Program 
Counter to be used like an index register in some situations. 


@ Condition Code Register (CC) 
The Condition Code Register defines the state of the 
processor at any given time. See Figure 6. 


Carry 
Overflow 
Zero 
Negative 
IRQ Mask 
Half Carry 
FIRQ Mask 
Entire Flag 





Figure 6 Condition Code Register Format 


= CONDITION CODE REGISTER DESCRIPTION 


© Bit 0 (C) 

Bit O is the carry flag, and is usually the carry from the 
binary ALU. C is also used to represent a ‘borrow’ from 
subtract like instructions (CMP, NEG, SUB, SBC) and is the 
complement of the carry from the binary ALU. 


® Bit 1 (V) 

Bit | is the overflow flag, and is set to a one by an operation 
which causes a signed two’s complement arithmetic overflow. 
This overflow is detected in an operation in which the carry 
He the MSB in the ALU does not match the carry from the 

SB-1. 


@ Bit 2 (Z) 
Bit 2 is the zero flag, and is set to a one if the result of the 
previous operation was identically zero. 


@ Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the value 
of the MSB of the result of the preceding operation. Thus, a 
negative two’s-complement result will leave N set to a one. 
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@ Bit 4 (1) 

Bit 4 is the IRQ mask bit. The processor will not recognize 
interrupts from the IRQ line if this bit is set to a one. NMI, 
FIRO, FRO, RES and SWI all set I to a one; SWI2 and SWI3 
do not affect I. 


@ BitS(H) | 

Bit 5 is the half-carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8-bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state of this 
flag is undefined in all subtract-like instructions. 


@ Bit 6 (F) 

Bit 6 is the FIRQ mask bit. The processor will not recognize 
interrupts from the FIRQ line if this bit is a one. NMI, FIRQ, 
SWI, and RES all set F to a one. IRQ, SWI2 and SWI3 do not 
affect F. 


@ Bit 7 (E) | 

Bit 7 is the entire flag, and when set to a one indicates that 
the complete machine state (all the registers) was stacked, as 
opposed to the subset state (PC and CC). The E bit of the 
stacked CC is used on a return from interrupt (RTI) to deter- 
mine the extent of the unstacking. Therefore, the current E 
left in the Condition Code Register represents past action. 


« HD6309E MPU SIGNAL DESCRIPTION 


@ Power (Vss, Vcc) 
Two pins are used to supply power to the part: Vss is 
ground or 0 volts, while Vcc is +5.0 V 10%. 


@ Address Bus (Ay ~ A;;) 

Sixteen pins are used to output address information from 
the MPU onto the Address Bus. When the processor does not 
require the bus for a data transfer, it will output address 
FFFF,,, R/W = “High”, and BS = “Low”; this is a “dummy 
access” or VMA cycle. All address bus drivers are made high- 
impedance when output Bus Available (BA) is “High” or when 
TSC is asserted. Each pin will drive one Schottky TTL load or 
four LS TTL loads, and 90 pF. Refer to Figures 1 and 2. 


@ Data Bus (Dy) ~ D-,) 

These eight pins provide communication with the system 
bi-directional data bus. Each pin will drive one Schottky TTL 
load or four LS TTL loads, and 130 pF. 


@ Read/Write (R/W) | 

This signal indicates the direction of data transfer on the 
data bus. A “Low” indicates that the MPU is writing data-onto 
the data bus. R/W is made high impedance when BA is “High” 
or when TSC is asserted. Refer to Figures 1 and 2. 


@ RES 

A “Low” level on this Schmitt-trigger input for greater than 
one bus cycle will reset the MPU, as shown in Figure 7. The 
Reset vectors are fetched from locations FFFE,, and FFFF,. 
(Table 1) when Interrupt Acknowledge is true, (BA - BS = 1). 
During initial power-on, the Reset line should be held “Low” 
until the clock input signals are fully operational. 

Because the HD6309E Reset pin has a Schmitt-trigger input 
with a threshold voltage higher than that of standard peripherals, 
a simple R/C network may be used to reset the entire system. 





This higher threshold voltage ensures that all peripherals are 
out of the reset state before the Processor. 


Table 1 Memory Map for Interrupt Vectors 











Memory Map for Vector — 


Locations Interrupt Vector 


Description 


Reserved 


@ HALT 

A “Low” level on this input pin will cause the MPU to stop 
running at the end of the present instruction and remain halted 
indefinitely without loss of data. When halted, the BA output 
is driven “High” indicating the buses are high impedance. BS 
is also “High” which indicates the processor is in the Halt state. 
While halted, the MPU will not respond to external real-time 
requests (FIRQ, IRQ) although NMI or RES will be latched 
for later response. During the Halt state Q and E should 
continue to run normally. A halted state (BA - BS = 1) can be 
achieved by pulling HALT “Low” while RES is still “Low”. See 
Figure 8. 





@ Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU high 
impedance. When BA goes “‘Low”, a dead cycle will elapse before 
the MPU acquires the bus. BA will not be asserted when TSC 
is active, thus allowing dead cycle consistency. ? 


The Bus Status output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of Q). 













MPU State 





MPU State Definition 





Normal (Running) 
Interrupt or RESET Acknowledge 
SYNC Acknowledge 
HALT Acknowledge 


= = © Oo 


Interrupt Acknowledge is indicated during both cycles of a 
hardware-vector-fetch (RES, NMI, FIRO, IRQ, SWI, SWI2, 
SWI3). This signal, plus decoding of the lower four address 
lines, can provide the user with an indication of which interrupt 
level is being serviced and allow vectoring by device. See Table 
1. 

Syne Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt Acknowledge is indicated when the HD6309E is m a 
Halt condition. 
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GSE 





Address 


| = a $FFFE SFFFF SFFFF New PC New a | | | $FFFE SFFFF $FFFF New PC 
Data 


New PCy, New PC, VMA 


New PCy, New PC; VMA 1st Opcode 
eM 
BUSY W\\ / \ eee Gas) On Gee, C) (—) Na ey ee 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High”’ = Vitmin atid logic ‘‘Low”’ = Vy; max unless otherwise specified. 
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Figure 7 RES Timing 


I6OE90H 


9GE 


O0E8-SEr (B07) © LELG6 VO ‘eSOf ues e anuary 9/001,.0 OlZ2 © ‘pr] eOVeWY I1yoRyH 
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2nd to Last Last Cycle 


Cycle of of 
Current Current Dead Dead Instruction Instruction Dead Halted 
Inst. Inst. Cycle Halted Cycle Fetch Execute Cycle 





Address 
Bus 


R/W 


BA 


BS 


Data 
Bus 


AVMA 


LIC 


Fetch Execute 


> 2X >—>.7vwY>Y YT 2?) 
eee 
ie a a en aa 


oe a 


Instruction 
Opcode 


ee Teentaal =~=~*~*~*« Re 
time 22 UF ge 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘‘High’’ = Vipimin and logic ‘Low’ = Vi, max unless otherwise specified. 


Figure 8 HALT and Single Instruction Execution for System Debug 





® Non Maskable Interrupt (NMI)* 

A negative transition on this input requests that a non- 
maskable interrupt sequence be generated. A non-maskable 
interrupt cannot be inhibited by the program, and also has a 
higher priority than FIRQ, IRQ or software interrupts. During 
recognition of an NMI, the entire machine state is saved on 
the hardware stack. After reset, an NMI will not be recognized 
until the first program load of the Hardware Stack Pointer (S). 
The pulse width of NMI low must be at least one E cycle. If 
the NMI input does not meet the minimum set up with respect 
to Q, the interrupt will not be recognized until the next cycle. 
See Figure 9. 





® Fast-Interrupt Request (FIRQ)* 

A “Low” level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. This 
sequence has priority over the standard Interrupt Request 
(IRQ), and is fast in the sense that it stacks only the contents 
of the condition code register and the program counter. The 
interrupt service routine should clear the source of the interrupt 
before doing an RTI. See Figure 10. 


@ Interrupt Request (IRQ)* 

A “Low” level input on this pin will initiate an Interrupt 
Request sequence provided the mask bit (I) in the CC is clear. 
Since IRO stacks the entire machine state it provides a slower 
response to interrupts than FIRQ. IRQ also has a lower priority 
than FIRQ. Again, the interrupt service routine should clear 
the source of the interrupt before doing an RTI. See Figure 9. 











* NMI, FIRQ, and FRO requests are sampled on the falling edge of Q. 
One cycle is required for synchronization before these interrupts are 
recognized. The pending interrupt(s) will not be serviced until 
completion of the current instruction unless a SYNC or CWAI 
condition is present. If IRQ and FIRQ do not remain “Low” until 
completion of the current instruction they may not be recognized. 
However, NMI is latched and need only remain ‘“‘Low” for one cycie. 





@ Clock Inputs E, Q 


E and Q are the clock signals required by the HD6309E. 


Q must lead E; that is, a transition on Q must be followed by a 
similar transition on E after a minimum delay. Addresses will 
be valid from the MPU, tap after the falling edge of E, and 
data will be latched from the bus by the falling edge of E. 
While the Q input is fully TTL compatible, the E input directly 
drives internal MOS circuitry and, thus, requires levels above 
normal TTL levels. This approach minimizes clock skew 
inherent with an internal buffer. Timing and waveforms for E 
and Q are shown in Figures 1 and 2 while Figure 11 shows a 
simple clock generator for the HD6309E. 


© BUSY 
Busy will be “High” for the read and modify cycles of a read- 
modify-write instruction and during the access of the first byte 


HD6309E 


of a double-byte operation (e.g., LDX, STD, ADDD). Busy is 
also “High” during the first byte of any indirect or other vector 
fetch (e.g., jump extended, SWI indirect etc.). 

In a multi-processor system, busy indicates the need to 
defer the rearbitration of the next bus cycle to insure the 
integrity of the above operations. This difference provides the 
indivisible memory access required for a “‘test-and-set” primi- 
tive, using any one of several read-modify-write instructions. 

Busy does not become active during PSH or PUL operations. 
A typical read-modify-write instruction (ASL) is shown in 
Figure 12. Timing information is given in Figure 13. Busy is 
valid top after the rising edge of Q. 


e AVMA 

AVMA is the Advanced VMA signal and indicates that the 
MPU will use the bus in the following bus cycle. The predictive 
nature of the AVMA signal allows efficient shared-bus multi- 
processor systems. AVMA is “‘Low” when the MPU is in either a 
HALT or SYNC state. AVMA is valid tcp after the rising edge 
of Q. 


@e LIC 

LIC (Last Instruction Cycle) is “High” during the last cycle 
of every instruction, and its transition from “High” to “Low” 
will indicate that the first byte of an opcode will be latched at 
the end of the present bus cycle. LIC will be ‘High’? when the 
MPU is Halted at the end of an instruction, (i.e., not in CWAI or 
RESET) in SYNC state or while stacking during interrupts. 
LIC is valid tcp after the rising edge of Q. 


© TSC 

TSC (Three-State Control) will cause MOS address, data, 
and R/W buffers to assume a high-impedance state. The control 
signals (BA, BS, BUSY, AVMA and LIC) will not go to the 
high-impedance state. TSC is intended to allow a single bus to 
be shared with other bus masters (processors or DMA con- 
trollers). 

While E is “Low”, TSC controls the address buffers and R/W 
directly. The data bus buffers during a write operation are in a 
high-impedance state until Q rises at which time, if TSC is 
true, they will remain in a high-impedance state. If TSC is held 
beyond the rising edge of E, then it will be internally latched, 
keeping the bus drivers in a high-impedance state for the 
remainder of the bus cycle. See Figure 14. 


@ MPU Operation 

During normal operation, the MPU fetches an instruction 
from memory and then executes the requested function. This 
sequence begins after RES and is repeated indefinitely unless 
altered by a special instruction or hardware occurrence. Soft- 
ware instructions that alter normal MPU operation are: SWI, 
SWI2, SWI3, CWAI, RTI and SYNC. An interrupt or HALT 








input can also alter the normal execution of instructions. 


Figure 15 illustrates the flow chart for the HD6309E. 
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Last Cycle 
of Current Instruction 
Instruction Fetch 


Interrupt Stacking and Vector Fetch Sequence ———S SSS SSS eee 
m—2, m—1 m uae A De m+4 m+5 mt+6 mt+7 mt+8 mt+9 oo m+i12 m+13 ee m+16m+17 m+18 nn abe 


2 CD 2S CE ee CD GD Ge CS Cl GE OD GND Te CED OS GN Gk Ge Ge GEN Ske one aay a 


Address 












B 
ote PC PC FFFF SP—1SP—2 SP—3 SP—4 SP—5 SP—6 SP—7 SP—8 SP-—9 SP—10SP—11SP—12 FFFF FFFC FFFD FFFF New New 
tpcs (NMI) (NMI) PC PC+1 

—— FFF8 FFFO9 
RO or (TRO) (TRO) 

Data ) 

VMA PCL PCH UL UH YL YH XL XH DP B A cc VMA New New VMA 
PCH PCL 


Ie a a 
BAX xX _») 
BS X X ) | a: 
wey af CO NS Nf ee 
BUSY ee Narr me 
LIC let eg as NN ie tee 


E 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘’High’’ = Vipimjn and logic ‘‘Low”’ = Vii max unless otherwise specified. 
E clock shown for reference only. 


Figure 9 !RQ and NMI Interrupt Timing 
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Last Cycle 


of Current Instruction 
Instruction Fetch 
pe — Interrupt Stacking and Vector Fetch Sequen¢@ a}, ____e 
m—2 m—1 m m+ m+2 mt+3 m+4 m+5 m+6 m+7 m+8 m+9 n n+1 


pe 
PUPP F iris irri irri ris. 
28 eS A Ee NS OS NE OE A! ON A GARE NY AL OS, SE 


tei PC PC FFFF SP —1 sp —2 SP—3  $FFFF $FFFG $FFF7  £=$FFFF NewPC New PC+1 
tpcs 
Fina VIN 
Vit 
VMA PCL PCH cc VMA NewPCH NewPCL VMA 


BA X X \ 
BS X X \ / \ 
BUSY h / \ k 
LIC ee NN eee 
SLALTLTLALALLLLLLL 


(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vitmin and logic ‘“‘Low’’ = Vy, max unless otherwise specified. 
E clock shown for reference only. 


Figure 10 FIRQ Interrupt Timing 
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Figure 11 HD6309E Clock Generator 


Memory Memory — 
Location Contents Contents Description 





PC — $0200 ASL Indexed Opcode 
$0201 Extended indirect Postbyte 
$0202 Indirect Address Hi-Byte 
$0203 Indirect Address Lo-Byte 
$0204 Next Main Instruction 
$6300 Effective Address Hi-Byte 
$6301 Effective Address Lo-Byte 
$E3D6 $5C Target Data 


Figure 12 Read Modify Write Instruction Example (ASL Extended Indirect) 
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Last Cycle of 
Current Instr. 


m—1 m m+1 m+2 m+3 mt+4 mt+5 m+6 mt+7 m+ 8 m+9 m+10 n 


Address 
$0200 $0201 $0202 $0203 SFFFF $6300 $6301 $FFFF $E3D6 $SFFFF $E3D6 $0203 
$68 $OF $63 $00 VMA $E3 $D6 VMA $5C VMA $B8 


ie 
BUSY \ ee Ntiee ta oe ad —$—<$$—$_—__— 
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(NOTE) Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Viiymin and logic ‘‘Low’’ = Vit max unless otherwise specified. 


Figure 13 BUSY Timing (ASL Extended Indirect Instruction) 
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Waveform measurements for all inputs and outputs are specified at logic ‘’High’’ = Vjpymin and logic ‘Low’ = Vit max unless otherwise specified. 


Figure 14 TSC Timing 
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HD6309E Interrupt Structure 
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| Halt Acknowledge Cd Acknowledge ft | 1] 
(NOTES) 1. Asserting RES will result in entering the reset N | Am | " = 


sequence from any point in the flow chart. 
2. BUSY is “High” during first vector fetch cycle. 





Figure 15 Flowchart for HD6309E Instruction 
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« ADDRESSING MODES 
The basic instructions of any computer are greatly enhanced 

by the presence of powerful addressing modes. The HD6309E 
has the most complete set of addressing modes available on 
any microcomputer today. For example, the HD6309E has 59 
basic instructions; however, it recognizes 1464 different varia- 
tions of instructions and addressing modes. The addressing 
modes support modern programming techniques. The following 
addressing modes are available on the HD6309E: 
(1) Implied (Includes Accumulator) 
(2) Immediate 
(3) Extended 
(4) Extended Indirect 
(5) Direct 
(6) Register 
(7) Indexed 

Zero-Offset 

Constant Offset 

Accumulator Offset 

Auto Increment/Decrement 
(8) Indexed Indirect 
(9) Relative 
(10) Program Counter Relative 


@ Implied (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Examples of 
Implied Addressing are: ABX, DAA, SWI, ASRA, and CLRB. 


@ Immediate Addressing 
In Immediate Addressing, the effective address of the data 
is the location immediately following the opcode (i.e., the data 
to be used in the instruction immediately follows the opcode 
of the instruction). The HD6309E uses both 8 and 16-bit 
immediate values depending on the size of argument specified 
by the opcode. Examples of instructions with Immediate 
Addressing are: 
LDA’ #$20 
LDX #$F000 
LDY #CAT 


(NOTE) # signifies immediate addressing, $ signifies hexa- 
decimal value. 


@ Extended Addressing 
In Extended Addressing, the contents of the two bytes im- 

mediately following the opcode fully specify the 16-bit effective 
address used by the instruction. Note that the address generated 
by an extended instruction defines an absolute address and is 
not position independent. Examples of Extended Addressing 
include: 

LDA CAT 

STX MOUSE 

LDD $2000 


@ Extended Indirect 

As a special case of indexed addressing (discussed below), 
one level of indirection may be added to Extended Addressing. 
In Extended Indirect, the two bytes following the postbyte of 
an Indexed instruction contain the address of the data. 


LDA [CAT] 
LDX [$FFFE] 
STU [DOG] 


HD6309E 


@ Direct Addressing 

Direct addressing is similar to extended addressing except 
that only one byte of address follows the opcode. This byte 
specifies the lower 8 bits of the address to be used. The upper 
8 bits of the address are supplied by the direct page register. 
Since only one byte of address is required in direct addressing, 
this mode requires less memory and executes faster than 
extended addressing. Of course, only 256 locations (one page) 
can be accessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, direct 
addressing on the HD6309E is compatible with direct addressing 
on the HD6800. Indirection is not allowed in direct addressing. 
Some examples of direct addressing are: 


LDA = $30 

SETDP $10 (Assembler directive) 
LDB $1030 

LDD <CAT 


(NOTE) < is an assembler directive which forces direct 
addressing. 


® Register Addressing 

Some opcodes are followed by a byte that defines a register 
or set of registers to be used by the instruction. This is called a 
postbyte. Some examples of register addressing are: 


TFR X,Y Transfer X into Y 

EXG A,B Exchanges A with B 

PSHS’~ A,B, X,Y Push Y, X, Band A onto S 
PULU X,Y,D _ Pull D, X, and Y from U 


@ Indexed Addressing 

In all indexed addressing, one of the pointer registers (X, Y, 
U, S, and sometimes PC) is used in a calculation of the effective 
address of the operand to be used by the instruction. Five 
basic types of indexing are available and are discussed below. 
The postbyte of an indexed instruction specifies the basic type 
and variation of the addressing mode as well as the pointer 
register to be used. Figure 16 lists the legal formats for the 
postbyte. Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 


Post-Byte Register Bit Indexed 


Addressi 
mie istatst2tifo| Mode 


o{r{[Rial{alala] a]  EA=,R+5 Bit Offer 

1trRiRi[olfo|{olo] ol R+ 

1trir{ifolofols| R++ 

1 Hetatoto oti tol .-R 

1tri[r]ifolo]s | eR 

ri rir{ifo{1 [ol] o| EA = .R +0 Offset 

r1trRiralifols[o] 1] EA = ,R + ACCB Offset 

1 PRiR{ifofs]1]o} EA = R + ACCA Offset 

1 TRirR|ili{[olo] ol EA=,R+8 Bit Offset 

' PRiR{| ifs [ofol 1 EA = R + 16 Bit Offset 

ttrteafifsfolti] a EA = R + D Offset 

1 Px jxitilrfafo]f o} EA=,PC +8 Bit Offset 

1 Pxtxfifrys fof a EA = ,PC + 16 Bit Offset 

1 PRi{R{[if{ifiafilq i] EA = (,Address] 
eee 





Addressing Mode Field 


Indirect Field 
(Sigh bit when b7 = 0) 


f 





Register Field : RR 
00 = X 


x = Don’t Care o-=Y 
d = Offset Bit 7 i S 
ef {° = Non Indirect 

1 = Indirect 


Figure 16 Index Addressing Postbyte Register Bit Assignments 
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Table 2 Indexed Addressing Mode 


Type Forms 


No Offset - 

5 Bit Offset 

8 Bit Offset 

16 Bit Offset 

A Register Offset 
B Register Offset 
D Register Offset 
Increment By 1 


Constant Offset From R 
(2's Complement Offsets) 


Accumulator Offset From R 
(2's Complement Offsets) 


Auto Increment/Decrement R 


rk 


Increment By 2 
| Decrement By 1 
Decrement By 2 


Constant Offset From PC 8 Bit Offset n, PCR 
(2's Complement Offsets) | 16 Bit Offset n. PCR 
Extended Indirect 16 Bit Address 
R=X,Y,UorS RR: 
x = Don’t Care 00 = X 

O1=Y 

10=U 

11=S 


Non Indirect 


Assembler 
Form 


A, R 1RROO110 


R + 
R++ 


indirect 


Assembler Postbyte 
Form OP Code 


[RL aaRior00 [3 
g 
ou 


Postby te 
OP Code 


1RRO0100 |0| 
ORRnnnn 1 | 
1 


canal 


n defaults to 8-bit 
1RRO1000 | [n, R] | 1RR11000 
1RRO1001 | 4/2 | 










Parroioit [a 
2 


1R ROOOOO ~ 
1RRO0001 


1RR11011 | 7 [0 


not allowed || 


[ 1RR10001 [60 
cl 


1RROO010 2 not allowed 
1RROOO11 | 3| 





po=Ri_| tarot [616 
rs|2 | tmecal | ixxintor [a2 
[=f el [torn [52 


Zand 4 indicate the number of additional cycles and bytes for the particular variation. 


Zero-Offset Indexed 
In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruction. 
This is the fastest indexing mode. 
Examples are: 
LDD 0,X 
LDA 5S 


Constant Offset Indexed 

In this mode, a two’s-complement offset and the contents 
of one of the pointer registers are added to form the effective 
address of the operand. The pointer register’s initial content is 
unchanged by the addition. 


Three sizes of offsets are available: 
5-bit (—16 to +15) 
8-bit (—128 to +127) 
16-bit (-32768 to +32767) 


The two’s complement 5-bit offset is included in the post- 
byte and, therefore, is most efficient in use of bytes and cycles. 
The two’s complement 8-bit offset is contained in a single byte 
following the postbyte. The two’s complement 16-bit offset is 
in the two bytes following the postbyte. In most cases the 
programmer need not be concerned with the size of this offset 
since the assembler will select the optimal size automatically. 


Examples of constant-offset indexing are: 
LDA 23,X 
LDX -72,S8 





LDY 300,X 
LDU CAT,Y 


Accumulator-Offset indexed 

This mode is similar to constant offset indexed except that 
the two’s-complement value in one of the accumulators (A, B 
or D) and the contents of one of the pointer registers are added 
to form the effective address of the operand. The contents of 
both the accumulator and the pointer register are unchanged 
by the addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. The 
advantage of an accumulator offset is that the value of the 
offset can be calculated by a program at run-time. 

Some examples are: 


LDA B,Y 
LDX D,Y 
LEAX B,X 


Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer register 
contains the address of the operand. Then, after the pointer 
register is used it is incremented by one or two, This addressing — 
mode is useful in stepping through tables, moving data, or 
for ti.e creation of software stacks. In auto decrement, the. 
pointer register is decremented prior to use as the address-of 
the data. The use of auto decrement is similar to that of auto 
increment; but the tables, etc., are scanned from the high to 
low addresses. The size of the increment/decrement can be 
either one or two to allow for tables of either 8- or 16-bit data 
to be accessed and is selectable by the programmer. The pre- 
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decrement, post-increment nature of these modes allow them 
to be used to create additional software stacks that behave 
identically to the U and S stacks. 

Some examples of the auto increment/decrement addressing 
modes are: 


LDA ,X+ 
STD Yt 
LDB ,-Y 
LDX ,-—-S 


Care should be taken in performing operations on 16-bit 
pointer registers (X, Y, U, S) where the same register is used 
to calculate the effective address. 

Consider the following instruction: 

STX 0, X + + (X initialized to 0) 
The desired result is to store a 0 in locations $0000 and $0001 
then increment X to point to $0002. In reality, the following 
occurs: 


0 + temp calculate the EA; temp is a holding register 
X+2>X perform autoincrement 
X—~(temp) do store operation 


®@ Indexed Indirect 
All of the indexing modes with the exception of auto 

increment/decrement by one, or a +4-bit offset may have an 
additional level of indirection specified. In indirect addressing, 
the effective address is contained at the location specified by 
the contents of the Index Register plus any offset. In the 
example below, the A accumulator is loaded indirectly using an 
effective address calculated from the Index Register and an 
offset. 

Before Execution 

A = XX (don’t care) 


X = $F000 
$0100 LDA [$10, X] EA is now $F010 
$FOIO $F1 $F 150 is now the 
$FO11 $50 new EA 
$F150 $AA 


After Execution 
A = $AA (Actual Data Loaded) 
X = $FO00 


All modes of indexed indirect are included except those 
which are meaningless (e.g., auto increment/decrement by 1 
indirect). Some examples of indexed indirect are: 


LDA [,X] 
LDD  [10,S] 
LDA [B, Y] 


LDD [,X++] 


@ Relative Addressing 
The byte(s) following the branch opcode is (are) treated as 
a signed offset which may be added to the program counter. 
If the branch condition is true then the calculated address 
(PC + signed offset) is loaded into the program counter. 
Program execution continues at the new location as indicated 
by the PC; short (1 byte offset) and long (2 bytes offset) 
relative addressing modes are available. All of memory can be 
reached in long relative addressing as an effective address is 
interpreted modulo 2'©. Some examples of relative addressing 
are: 
BEQ CAT 
BGT DOG 


(short) 
(short) 


——HD6309E 


CAT LBEQ RAT (long) 
DOG LBGT RABBIT (long) 
RAT NOP 
RABBIT NOP 


® Program Counter Relative 
The PC can be used as the pointer register with 8 or 16-bit 

signed offsets. As in relative addressing, the offset is added to 
the current PC to create the effective address. The effective 
address is then used as the address of the operand or data. 
Program Counter Relative Addressing is used for writing 
position independent programs. Tables related to a particular 
routine will maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. Examples 
are: 

LDA CAT,PCR 

LEAX TABLE, PCR 


Since program counter relative is a type of indexing, an 
additional level of indirection is available. 
LDA — _[CAT, PCR] 
LDU _[DOG, PCR] 


@ HD6309E INSTRUCTION SET 

The instruction set of the HD6309E is similar to that of the 
HD6800 and is upward compatible at the source code level. 
The number of opcodes has been reduced from 72 to 59, but 
because of the expanded architecture and additional addressing 
modes, the number of available opcodes (with different 
addressing modes) has risen from 197 to 1464, 

Some of the instructions are described in detail below: 


@ PSHU/PSHS 

The push instructions have the capability of pushing onto 
either the hardware stack (S) or user stack (U) any single 
register, or set of registers with a single instruction. 


@ PULU/PULS 

The pull instructions have the same capability of the push 
instruction, in reverse order. The byte immediately following 
the push or pull opcode determines which register or registers 
are to be pushed or pulled. The actual PUSH/PULL sequence 
is fixed; each bit defines a unique register to push or pull, as 
shown in below. 


PUSH/PULL POST BYTE 





< Pull Order Push Order > 
PC U Y xX DP B A_ CC 
FFFF ....... < increasing memory address ....... 0000 
PC S Y xX DP B A CC 
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@ TFR/EXG 

Within the HD6309E, any register may be transferred to or 
exchanged with another of like-size; i.e., 8-bit to 8-bit or 16-bit 
to 16-bit. Bits 4~7 of postbyte define the source register, while 
bits 0~3 represent the destination register. These are denoted 
as follows: 


0000 —D 0101 — PC 
0001 — X 1000 —A 
0010 —Y 1001 —B 
0011 —U 1010 —CC 
0100 —S 1011 — DP 


(NOTE) All other combinations are undefined and INVALID. 


TRANSFER/EXCHANGE POST BYTE 


® LEAX/LEAY/LEAU/LEAS 
The LEA (Load Effective Address) works by calculating the 

effective address used in an indexed instruction and stores that 
address value, rather than the data at that address, in a pointer 
register. This makes all the features of the internal addressing 
hardware available to the programmer. Some of the implications 
of this instruction are illustrated in Table 3. 

The LEA instruction also allows the user to access data in 
a position independent manner. For example: 


LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 
MSGI FCC ‘MESSAGE?’ 


This sample program prints: ‘MESSAGE’. By writing MSG], 
PCR, the assembler computes the distance between the present 
address and MSG1. This result is placed as a constant into the 
LEAX instruction which will be indexed from the PC value at 
the time of execution. No matter where the code is located, 
when it is executed, the computed offset from the PC will put 
the absolute address of MSGI into the X poms register. This 
code is totally position independent. 

_ The LEA instructions are very powerful and use an internal 
holding register (temp). Care must be exercised when using the 
LEA instructions with the autoincrement and autodecrement 
addressing modes due to the sequence of internal operations. 
The LEA internal sequence is outlined as follows: 

LEAa, b+ (any of the 16-bit pointer registers X, Y, U 
or S may be substituted for a and b.) 

1. b-temp (calculate the EA) 

2.b+1—>b (modify b, postincrement) 

3. temp —>a_ (load a) 


LEAa, — b 

1. b— 1+ temp (calculate EA with predecrement) 
2.b-1—>b (modify b, predecrement) 

3. temp >a (load a) 


Autoincrement-by-two and autodecrement-by-two instruc- 
tions work similarly. Note that LEAX, X+ does not change X, 
however LEAK, —X does decrement X. LEAX I, X should be 
used to increment X by one. 








Table 3 LEA Examples 


X+10 -X 
X + 500 > X 
Y+tA >-~Y 
Y+D -Y 
U-10 -U 
S—-10-S 
S$+10-S 
S$+5 ->*X 




















Comment 


Adds 5-bit constant 10 to X 
Adds 16-bit constant 500 to X 
Adds 8-bit A accumulator to Y. 
Adds 16-bit D accumulator to Y 
Subtracts 10 from U 

Used to reserve area on stack 
Used to ‘clean up’ stack 
Transfers as well as adds 


Instruction 


LEAX 10, X 
LEAX 500, X 
LEAY A,Y 
LEAY D,Y 
LEAU —10, U 
LEAS -10,S 
LEAS 10,S 
LEAX 5,S 








@ MUL 


Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 16-bit D 
accumulator. This unsigned multiply also allows multiple- 
precision multiplications. 


Long and Short Relative Branches 

The HD6309E has the capability of program counter 
relative branching throughout the entire memory map. In this 
mode, if the branch is to be taken, the 8 or 16-bit signed offset 
is added to the value of the program counter to be used as the 
effective address. This allows the program to branch anywhere 
in the 64k memory map. Position independent code can be 
easily generated through the use of relative branching. Both 
short (8-bit) and long (16-bit) branches are available. 


@ SYNC 

After encountering a Sync instruction, the MPU enters a 
Sync state, stops processing instructions and waits for an 
interrupt. If the pending interrupt is non-maskable (NMI) or 
maskable (FIRQ, IRQ) with its mask bit (F or I) clear, the 
processor will clear the Sync state and perform the normal 
interrupt stacking and service routine. Since FIRQ and IRQ 
are not edge-triggered, a low level with a minimum duration of 
three bus cycles is required to assure that the interrupt will 
be taken. If the pending interrupt is maskable (FIRQ, IRQ) 
with its mask bit (F or I) set, the processor will clear the Sync 
state and continue processing by executing the next inline 
instruction. Figure 17 depicts Sync timing. 








Software Interrupts 

A Software Interrupt is an instruction which will cause an 
interrupt, and its associated vector fetch. These Software 
Interrupts are useful in operating system calls, software 
debugging, trace operations, memory mapping, and software 
development systems. Three levels of SWI are available on this 
HD6309E, and are prioritized in the following order: SWI, 
SWI2, SWI3. 


16-Bit Operation 

The HD6309E has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, adds, 
subtracts, transfers, exchanges, pushes and pulls. 


@ CYCLE-BY-CYCLE OPERATION 

The address bus cycle-by-cycle performance chart illustrates 
the memory-access sequence corresponding to each possible 
instruction and addressing mode in the HD6309E. Each 
instruction begins with an opcode fetch. While that opcode is 
being internally decoded, the next program byte is always 
fetched. (Most instructions will use the next byte, so this 
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technique considerably speeds throughput.) Next, the operation 
of each opcode will follow the flow chart. VMA is an indication 
of FFFF,, on the address bus, R/W = ‘‘High” and BS = “Low”. 
The following examples illustrate the use of the chart; see 
Figure 18. 
Example 1: LBSR (Branch Taken) 

Before Execution SP = FOOO 


$8000 LBSR CAT 


$ A000 CAT 
CYCLE-BY-CYCLE FLOW 


Cycie # Address _— Data R/W Description 
l 8000 17 1 Opcode Fetch 
2 8001 IF | Offset High Byte 
5 8002 FD 1 Offset Low Byte 
4 FFFF * | VMA Cycle 
5 FFFF * l VMA Cycle 
6 FFFF * I VMA Cycle 
7 FFFF * 1 VMA Cycle 
8 EFFF 03 0 Stack Low Order 
Byte of Return 
Address 
9 EFFE 80 0 Stack High Order 
Byte of Return 
Address 
Example 2: DEC (Extended) 
$8000 DEC $A000 
$A000 FCB $80 
CYCLE-BY-CYCLE FLOW 
Cycle# Address Data R/W Description 
] 8000 7A 1 Opcode Fetch 
2 8001 AO 1 Operand Address, 
High Byte 
3 8002 00 1 Operand Address, 
Low Byte 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data 
6 FFFF * 1 VMA Cycle 
| A000 7F 0 Store the Decre- 


mented Data 
* The data bus has the data at that particular address. 
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™ SLEEP MODE 

During the interrupt wait period in the SYNC instruction 
(the SYNC state) and that period in the CWAI instruction 
(the WAIT state), MPU operation is halted and goes to the 
sleep mode. However, the state of I/O pins is the same as that 
of the HD6809E in this mode. 


= HD6309E INSTRUCTION SET TABLES 
The instructions of the HD6309E have been broken down 

into five different categories. They are as follows: 

8-Bit operation (Table 4) 

16-Bit operation (Table 5) 

Index register/stack pointer instructions (Table 6) 

Relative branches (long or short) (Table 7) 

Miscellaneous instructions (Table 8) 


HD6309E instruction set tables and Hexadecimal Values of 
instructions are shown in Table 9 and Table 10. 
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(NOTES) 1. if the associated mask bit is set when the interrupt is requested, LIC will go ‘‘Low” and this cycle will be an instruction fetch from address 
location PC + 1. However, if the interrupt is accepted (NMI or an unmasked FIRO or IRQ) LIC will remain ‘‘High’’ and interrupt processing 
will start with this cycle as (m) on Figure 9 and 10 (Interrupt Timing). 

2. If mask bits are clear, TRQ and FIROG must be held “‘Low” for three cycles to guarantee that interrupt will be taken, although only one cycle 
is necessary to bring the processor out of SYNC. 

3. Waveform measurements for all inputs and outputs are specified at logic ‘High’ = Vit min and logic ‘‘Low” = Vii max unless otherwise 
specified. 


Figure 17 SYNC Timing 
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Stack Write 
Stack Write 


(NOTE) 
1. Busy = ‘'High" during access of first byte of double byte immediate load. 


Indirect (H), Busy < 1 
Indirect (L), Busy — 0 


VMA 





2. Write operation during store instruction. Busy = “‘High’’ during first two cycles of a double-byte access and the first cycle of read-modify-write access. 





3. AVMA is asserted on the cycle before a VMA cycle. 


Figure 18 Address Bus Cycle-by-Cycle Performance 
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ASLA 
ASLB 
ASRA 
ASRB 
CLRA 
CLRB 
COMA 
COMB 


DECA 


Implied Page 


ABX 


VMA 


DECB 


INCA 
INCB 
LSLA 
LSLB 
LSRA 
LSRB 
NEGA 
NEGB 
NOP 
ROLA 
ROLB 
RORA 
RORB 
SEX 
TSTA 
TSTB 


(NOTES) _ 
1. Stack (W) refers to the following sequence: SP < SP — 1, then ADDR <- SP with R/W = “Low” 
Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP <—SP + 1. 
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PSHU 
PSHS 


{Stack (w)} 


(Note 3) 


{Stack (R)} ” 


< 
> 


< 
> 


SWI 
SWI2 
SWI3 


STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) 


ADDR<SP VMA 


VECTOR (H), 


BUSY <1 


VECTOR (L), 


BUSY <0 






CWAI RTI 
Oe STACK (R) 
VMA 
STACK (W) 
STACK (W) 
STACK (W) 
STACK (W) STACK (R) 
STACK (W) STACK (R) 
STACK (W) STACK (R) 
STACK (W) STACK (R) 
STACK (W) STACK (R) 
STACK (W) STACK (R) 
STAGE sragcin) STACt 
STACK (W) STACK (R) STACK (R) 
STACK (R) 
sé STACK (R) 
VMA F STACK (R) 
(Note 4) 
VECTOR (H), 
BUSY <1 
VECTOR (L), ADDR < SP 
BUSY <0 
VMA 


PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 


2. Vector refers to the address of an interrupt or reset vector (see Table 1). 
» The number of stack accesses will vary according to the number of bytes saved. 
VMA cycles will occur until an interrupt occurs, 


Pw 


Figure 18 Address Bus Cycie-by-Cycie Performance (Continued) 
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Non-Implied 


ADCA 
ADCB 
ADDA 
ADDB 
ANDA 
ANDB 
BITA 

BITB 

CMPA 


CMPB | 


EORA 
EORB 
LDA 
LDB 
ORA 
ORB 
SBCA 
SBCB 
STA 
STB 
SUBA 
SUBB 


(NOTES) 
Stack (W) refers to the following sequence: SP < SP — 1, then ADDR < SP with R/W = “Low” 
Stack (R) refers to the following sequence: ADDR < SP with R/W = “High”, then SP < SP + 1. 


1, 


Pwr 


PSHU, PULU instructions use the user stack pointer (i.e., SP = U) and PSHS, PULS use the hardware stack pointer (i.e., SP = S). 


LDD | 
LDS 
LDU 
LDX 
LDY 


ANDCC 
ORCC 


ASL 
ASR 
CLR | 
COM 
DEC 
INC 
LSL 
LSR 
NEG 
ROL 
ROR 


TST 


VMA, BUSY <1 


ADDR + 


ADDR + 
BUSY <0 


< 
> 


< 
> 


ADDD JSR STD 
CMPD STS 
CMPS STU 
CMPU STX 
CMPX STY 
CMPY 
SUBD 
VMA 
STACK (W) 
STACK (W) 
ADDR + 
VMA ADDR + (W) 


Vector refers to the address of an interrupt or reset vector (see Table 1). 
The number of stack accesses will vary according to the number of bytes saved. 
VMA cycles will occur until an interrupt occurs. 





Figure 18 Address Bus Cycle-by-Cycle Performance (Continued) 
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Mnemonic(s) 
ADCA, ADCB 
ADDA, ADDB 
ANDA, ANDB 

ASL, ASLA, ASLB 
ASR, ASRA, ASRB 
BITA, BITB 

CLR, CLRA, CLRB 
CMPA, CMPB 

COM, COMA, COMB 
DAA 

DEC, DECA, DECB 
EORA, EORB 

EXG R1, R2 

INC, INCA, INCB 
LDA, LDB 

LSL, LSLA, LSLB 
LSR, LSRA, LSRB 
MUL 

NEG, NEGA, NEGB 
ORA, ORB 

ROL, ROLA, ROLB 
ROR, RORA, RORB 
SBCA, SBCB 

STA, STB 

SUBA, SUBB 

TST, TSTA, TSTB 
TFR R1, R2 





Table 4 8-Bit Accumulator and Memory Instructions 


Operation 
Add memory to accumulator with carry 
Add memory to accumulator 


~ And memory with accumulator 


Arithmetic shift of accumulator or memory left 
Arithmetic shift of accumulator or memory right 
Bit test memory with accumulator 

Clear accumulator or memory location 

Compare memory from accumulator 
Complement accumultor or memory location 
Decimal adjust A accumulator 

Decrement accumulator or memory location 
Exclusive or memory with accumulator 

Exchange R1 with R2 (R1, R2 =A, B, CC, DP) 
Increment accumulator or memory location 
Load accumulator from memory 

Logical shift left accumulator or memory location 
Logical shift right accumulator or memory location 
Unsigned multiply (A x B > D) 

Negate accumulator or memory 

Or memory with accumulator 

Rotate accumulator or memory left 

Rotate accumulator or memory right 

Subtract memory from accumulator with borrow 
Store accumulator to memory 

Subtract memory from accumulator 

Test accumulator or memory location 

Transfer R1 to R2(R1, R2= A,B, CC, DP) 


(NOTE) A, B, CC or DP may be pushed to (pulled from) either stack with PSHS, PSHU 


(PULS, PULU) instructions. 


Mnemonic(s) 
ADDD 
CMPD 

EXG D,R 
LDD 

SEX 

STD 

SUBD 

TFR D,R 
TFR R,D 


Table 5 16-Bit Accumulator and Memory Instructions 


Operation 
Add memory to D accumulator 
Compare memory from D accumulator 
Exchange D with X, Y, S, U or PC 
Load D accumulator from memory 
Sign Extend B accumulator into A accumulator 
Store D accumulator to memory 
Subtract memory from D accumulator 
Transfer D to X, Y, S, U or PC 
Transfer X, Y,S, Uor PC toD 


(NOTE) D may be pushed (pulled) to either stack with PSHS, PSHU (PULS, PULU) 


instructions. 
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Mnemonic(s) 


CMPS, CMPU 
CMP X, CMPY 


EXG R1, R2 


LEAS, LEAU 
LEAX, LEAY 


LDS, LDU 
LDX, LDY 
PSHS 

PSHU 

PULS 

PULU 

STS, STU 
STX, STY 
TFR R1,R2 
ABX 


Mnemonic(s) 


BEQ, LBEQ 
BNE, LBNE 
BM!, LBMI 
BPL, LBPL 
BCS, LBCS 
BCC, LBCC 
BVS, LBVS 
BVC, LBVC 


BGT, LBGT 
BGE, LBGE 
BEQ, LBEQ 
BLE, LBLE 
BLT, LBLT 


BHI, LBH! 
BHS, LBHS 
BEQ, LBEQ 
BLS, LBLS 
BLO, LBLO 


BSR, LBSR 
BRA, LBRA 


BRN, LBRN 





Table 6 Index Register Stack Pointer Instructions 


Operation 
Compare memory from stack pointer 
Compare memory from index register 
Exchange D, X, Y, S, U or PC with D, X, Y, S, U or PC 
Load effective address into stack pointer 
Load effective address into index register 
Load stack pointer from memory 
Load index register from memory 
Push A, B, CC, DP, D, X, Y, U, or PC onto hardware stack 
Push A, B, CC, DP, D, X, Y, S, or PC onto user stack 
Pull A,B, CC, DP, D, X, Y, U or PC from hardware stack 
Pull A, B, CC, DP, D, X, Y, S or PC from user stack 
Store stack pointer to memory 


Store index register to memory 


Transfer D, X, Y,S, U or PC to D, X, Y, S, U or PC 


Add B accumulator to X (unsigned) 


Table 7 Branch Instructions 


Operation 
SIMPLE BRANCHES 
Branch if equal 
Branch if not equal 
Branch if minus 
Branch if plus 
Branch if carry set 
Branch if carry clear 
Branch if overflow set _ 
Branch if overflow clear 
‘SIGNED BRANCHES 
Branch if greater (signed) 


Branch if greater than or equal (signed) 


Branch if equal 





Branch if less than or equal (signed) 





Branch if less than (signed) 

UNSIGNED BRANCHES 
Branch if higher (unsigned) 
Branch if higher or same (unsigned) 
Branch if equal | 
Branch if lower or same (unsigned) 
Branch if lower (unsigned) 

OTHER BRANCHES 

Branch to subroutine 
Branch always 


Branch never 
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Table 8 Miscellaneous Instructions 


Mnemonic(s) Operation 
ANDCC ; ~ AND condition code register 
CWAI AND condition code register, then wait for interrupt | 
NOP No operation 
ORCC OR condition code register 
JMP Jump 
JSR Jump to subroutine 
RTI Return from interrupt 
RTS Return from subroutine 
SWI, SWI2, SWI3 Software interrupt (absolute indirect) 
SYNC Synchronize with interrupt line 
@ HITACHI 
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INSTRUCTION/ 


FORMS 
ABX 
ADC ADCA 
ADCB 
ADD ADDA 
ADDB 
ADDD 
AND ANDA 
ANDB 
ANDCC 
ASL ASLA 
ASLB 
ASL 
ASR ASRA 
ASRB 
ASR 
BCC BCC 
LBCC 
BCS BCS 
LBCS 
BEQ BEQ 
LBEQ 
BGE BGE 
LBGE 
BGT BGT 
LBGT 
BHI BHI 
LBH! 
BHS BHS 
LBHS 
BIT BITA 
BITB 
BLE BLE 
LBLE 
BLO BLO 
LBLO 
BLS BLS 
LBLS 
BLT BLT 
LBLT 
BMI BMI 
LBM! 
BNE BNE 
LBNE 
BPL BPL 
LBPL 
BRA BRA 
LBRA 
BRN BRN 
LBRN 





IMPLIED DIRECT 


haa HAA HA 


Hitachi America Ltd. 


NN NNN NN 





Table 9 HD6309E Instruction Set Table 


HD6309E ADDRESSING MODES 


HD6309E 


INDEXED® | RELATIVE 
jop|~ | # [op|~ [# |or|~ | # [op] ~ [# lor] ~ | # | op| ~» [4 | 





5 }; 3 | 89) 2.) 2 
5 3 |C9|] 2; 2 
5 | 3 | 8B; 2 | 2 
5 ps 1 CB] 2.42 
7 3 {/C3] 4 | 3 
5 | 3 | 84/ 2 | 2 
5 | 3 | C4; 2 | 2 
16 733. 2 
7 | 3 
7 3 
5 | 3;85; 2] 2 
5.1.3.) CS 2: | 2. 
€@ HITACHI 





5(6) 
3 
5(6) 
3 
5(6) 
5(6) 
3 
5(6) 


3 
5(6) 


5(6) 





DESCRIPTION 


(UNSIGNED) 
ATMS eA 
B+M+C—B 


A+M-—-A 
B+M—B 
D+M:M+1—-D 


AAM~A 
B AM~B 
CCA IMM-— CC 


A 
B 8 
M Cc b? a?) 


A er 8: 

B 8 

M b? 450 c 8. 

Branch C=0 e 

Long Branch e 
c=0 

Branch C=1 e 

Long Branch e 
C=1 

Branch Z=1 e 

Long Branch e 
2=1 

Branch N@®V=O | @ 

Long Branch e 

N ® V=0 


Branch ZV(IN®V)=0| @ 
Long Branch e 
ZV(N 6 V)=0 


Branch CV 2=0 e 
Long Branch e 
CV 2=0 
Branch e 
C=0 
Long Branch 
C=0 
Bit Test A (MAA) 
Bit Test B (M AB) 
Branch ZUN@V)=1 


Long Branch 
ZVIN ® V)=1 


Branch C=1 

Long Branch 
C=1 

Branch e 
CV Z=1 

Long Branch e 
CV Z=1 

Branch N ® V=1 @ 

Long Branch e 
N ®V=1 


Branch N=1 e 
Long Branch e 
N=1 
Branch Z =0 e 
Long Branch e 
Z=0 
Branch N=0O e 
Long Branch e 
N=0 
Branch Always © 
Long Branch/ e 
Always 


Branch Never e 
Long Branch Never! e 


> <> 44 4+ +> + er @ [2] e | 


@@ <4 eH eH 


e ®@ > 


CoO efxHnr He @ f<| =| 


eeruwr 
ee oo 


(to be continued) 
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INSTRUCTION/ | 
~ FORMS 
BSR. BSR. 

LBSR 
BVC BVC 
LBVC 
BVS _BVS 
LBVS 
CLR  CLRA 
CLRB 
CLR 
CMP CMPA 
CMPB 
CMPD 
CMPS 
CMPU 
CMPX 
CMPY 
COM COMA 
COMB 
COM 
CWAI 
DAA 
DEC DECA 
DECB 
DEC 
EOR EORA 
EORB 
EXG  R1,R2 
INC INCA 
INCB 
INC 
JMP 
JSR 
LD LDA 
LDB 
LDD 
LDS 
LDU 
LDX 
LDY 
LEA LEAS 
LEAU 
LEAX 
LEAY 
LSL  LSLA 
LSLB 
LSL 
LSR_—sLSRA 
LSRB 
LSR 
MUL 
NEG NEGA 
NEGB 
NEG 
NOP 
376 


| HD6309E ADDRESSING MODES | | 


IMPLIED DIRECT 


4F 
5F 


43 
53 


19 


4A 
5A 


1E 


4c 
5C 





48 
$8 


44 
54 


3D 


50 


12 


[# |op|~ [# [or|~ | # | 





2/1 
2°14 
OF 
91 
D1 
10 
93 
11 
9C 
11 
93 
9C 
10 
9C 
2 \1 
2/1 
03 
2h 4 
2/1 
2/1 
0A 
98 
D8 
7 [2 
2 | 1 
2/1 
oc 
OE 
9D 
96 
D6 
DC 
10 
DE 
DE 
9E 
10 
9E 
2 | 1 
2/1 
08 
2 
271]. 
04 
11 1 
2)1 
2/1 
00 
2|1 


~ Oo ~ ~ Nah O 


jah 


Aono Onrkbl ws Ww OD 





OW NY Ww W WNN DN. 





WHN WNHNMNM NHN NM AN 


EXTENDED | IMMEDIATE | INDEXED® 





foe) ~ o © aun sv 


NOOO NOW © fh 





|e OR a 







2+ 
2+ 
2+ 
3+ 
3+ 
3+ 


2+ 


bh WO B® B&B BWW Ww 
OC p Oo oO ann 
bh |) &® B&B BNN 


3+ 


2+ 


2+ 


2+ 
2+ 


2+ 
2+ 
2+ 
2+ 
2+ 


2+ 
3+ 


2+ 
2+ 
3+ 





PWW PWWW WW W 
PWHO RPWNN 
AWW PWNHND 


2+ 
2+ 
2+ 
2+ 


2+ 


2+ 


2+ 
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RELATIVE 


oP [8 





7 . 
9 


3 
5(6) 


3 
5(6) 


4 
3 


2 
4 


2 














DESCRIPTION 


Branch to. 
Subroutine 

Long Branch to 
Subroutine 


Branch V=0 
Long Branch 
v=0 

Branch V=1 
Long Branch 
V=1 

O-A 

O-8B 

Oo-—--M 


Compare M from A 
Compare M from B 


Compare M: M + 1 
from D 

Compare M: M+ 1 
from S 

Compare M: M + 1 
from U 

Compare M: M+ 1 
from X 


‘Compare M: M+ 1 


(except 1-E) 
Wait for Interrupt 
Decimal Adjust A 


PC 
Jump to Subroutin 
M--A 





-AxB-OD 


(Unsigned) 


At+ti-A 
B+1-B 
M+i-M 


No Operation 





el0olo 


~ ok cee 








ee @@ee - 





Ge 
= 
S 


@ @ +--+, 


e 





— o> oo oe 


eee 
COO SCCCO e@ e@ ------ 
eee 


> 


° 
e@e@e@e@0e@8C(UCm8cmlUcMWmUC8WUlC CUCU 
@ @ee@ +wnm 0268 8 

orn wore 828 EC DB 


@# ooo --- 0800689 
Se i a a ade ee) 


4 
© 


8) 
® 
® 


eonwee 
[ oo 
e@vvoe 
@wWwW< = 
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PORE IMPLIED | DIRECT [EXTENDED | IMMEDIATE | INDEXED®] RELATIVE | pegcripTioN lilo 
| # |op|~ | ue) C 
OR ORA AVM-A e 
ORB ByM-B e 
ORCC CC v IMM— CC ed ) 
PSH PSHS Push Registers on e 
S Stack 
PSHU Push Registers on @ 
U Stack 
PUL PULS Pull Registers from| ( (] ) 
S Stack 
PULU Pull Registers from ) 
U Stack 
ROL ROLA A\){n-mmmm | ae 
ROLB B l TET Py 
ROL Mj] ¢ °<~.o tlt 
ROR RORA A e;! 
RORB B ee; 
ROR M Cc b? ——————-e- D0 ° ! 
RTI Return From ) 
Interrupt 
RTS Return From ej\e 
Subroutine 
SBC SBCA A—-M—C-A t 
SBCB B—-~M—C-B t 
SEX Sign Extend B e\e 
intoA 
ST STA A-M O\e 
STB BoM Ole 
STD D—-M: M+1 O;e 
STS S~-~M:M+1 Ole 
STU U-—-M:M+1 O|\e 
STX X—+—M:M+1 O\e 
STY Y—-M:M+1 Oje 
SUB SUBA A-M-A ae 
SUBB B—-M-—B Pet 
SUBD D—M:M+1-—D cee 
Swi Swi Software Interruptt eje 
swi2'* Software Interrupt2 ee 
SWI3 * Software Interrupt3 ej\e 
SYNC Synchronize to e\e 
Interrupt 
TFR  R1,R2 R1—>R2? ) 
TST  TSTA Test A bd 
TSTB Test B e 
TST Test M e 
(NOTES) 
(1) This column gives a base cycle and byte count. To obtain total count, and the values obtained from the INDEXED ADDRESSING MODES table. 
(27 R1 and R2 may be any pair of 8 bit or any pair of 16 bit registers. 
The 8 bit registers are: A, 8, CC, DP 
The 16 bit registers are: X, Y, U,S, D, PC 
(@ EA is the effective address. 
(4) The PSH and PUL instructions require 5 cycle plus 1 cycle for each byte pushed or pulled. 
© 5(6) means: 5 cycles if branch not taken, 6 cycles if taken. 
© SW sets 1 and F bits. SWI2 and SWI3 do not affect | and F. 
@® Conditions Codes set as a direct result of the instruction. 
® Value of half-carry flag is undefined. 
@© Special Case — Carry set if b7 is SET. 
@ Condition Codes set as a direct result of the instruction if CC is specified, and not affected otherwise. 


LEGEND: 
OP Operation Code (Hexadecimal) Zz Zero (byte) 
~ Number of MPU Cycles Vv Overflow, 2's complement 
# Number of Program Bytes C Carry from bit 7 
+ Arithmetic Plus t Test and set if true, cleared otherwise 
- Arithmetic Minus @ Not Affected 
x Multiply CC Condition Code Register 
M Complement of M : Concatenation 
> Transfer Into Vv Logical or 
H Half-carry (from bit 3) A Logical and 
N Negative (sign bit) @ Logical Exclusive or 
@ HITACHI 
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Table 10 Hexadecimal Values of Machine Codes 


OP  Mnem Mode ne ge OP  Mnem Mode ee OP Mnem Mode a +a 


00 NEG Direct 6 2 30 LEAX Indexed 4+ 2+ 60 NEG Indexed 6+ 2+ 
01 * 31. LEAY 4+ 2+ 61 * 

02 * 32 LEAS 4+ 2+ 62 * 

03 COM 6 2 33. LEAU Indexed 4+ 2+ 63 COM 6+ = 2+ 
04. LSR 6 2 34  PSHS Implied 5+ 2. 64  LSR 6+ 2+ 
0 * 35 PULS 5+ = 2 65 * 

06 ROR 6 2 36 PSHU 5+ 2 66 ROR 6+ 2+ 
07 ASR 6 2 37. PULU 5+ 2 67 ASR 6+ 2+ 
08 ASL,LSL 6 2 38 Ciés* 68  ASL,LSL 6+ = 2+ 
09 ROL 6 2 39 RTS 5 4 69 ROL 6+ 2+ 
OA DEC 6 2 3A ABX 3 1 6A DEC 6+ 2+ 
op * 3B —sORRTII Implied 6,15 1 6B * 

oc INC 6 2 3C CWA! Immed >20 2 6C INC 6+ 2+ 
ob TST 6 2 3D MUL Implied 41 6D TST 6+ 2+ 
OE JMP 3 2 3—E * 6E  JMP 3+ 2+ 
OF CLR Direct 6 2 3F SWI Implied 19 1 6F CLR Indexed 6+ 2+ 
10 } See _ _ _ 40 NEGA Implied 2 1 70 NEG Extended 7 3 
11 Next Page _ _ _ 41 is 71 = 

12 NOP Implied 2 42 * 72 ~=* 

13. SYNC implied >4 1 43. COMA 2 1 73. COM 7 3 
14 «* 44 LSRA 2 1 74 LSR 7 3 
15 * 45 * 75 ~* 

16 LBRA Relative 5 3 46 RORA 2 1 76 ROR 7 3 
17. ~+LBSR Relative 9 3 47 ASRA 2 1 77. ~=~ASR 7 3 
18 «* 48  ASLA,LSLA 2 1 78 ASL,LSL 7 3 
19 DAA Implied 2 1 49 ROLA 2 1 79 ROL 7 3 
1A ORCC Immed 3 2 4A  DECA 2 1 7A DEC 7 3 
1B OC«S¢ ~ 48 * 7B. OC«#* 

1C ANDCC Immed 3 2 4C INCA 2 1 7C INC 7 3 
1D SEX implied 2 1 4D TSTA 2 1 7D TST 7 3 
1E EXG 8 2 4—E * 7E  JMP 4 3 
1F TER Implied 6 2 4F CLRA Implied 2 1 7F CLR Extended 7 3 
20 BRA Relative 3 2 50 NEGB Implied 2 1 80 SUBA Immed 2 2 
21. BRN 3 2 51 * 81 CMPA 2 2 
22 ~=BHI 3 2 52 * 82 SBCA 2 2 
23 +=2BLS 3 2 53 COMB 2 1 83 SUBD 4 3 
24  BHS, BCC 3 2 54 LSRB 2 1 84 ANDA 2 2 
25 BLO, BCS 3 2 55 * 85 BITA 2 2 
26 BNE 3 2 56 RORB 2 1 86 LDA 2 2 
27 +BEQ 3 2 57  ASRB 2 1 87 * 

28 BVC 3 2 58  ASLB,LSLB 2 1 88 EORA 2 2 
29 ~=BVS 3 2 59 ROLB 2 1 89  ADCA 2 2 
2A BPL 3 2 5A  DECB 2 1 8A ORA 2 2 
2B =sBM I 3 2 5B * 8B ADDA 2 2 
2C BGE 3 2 5C  INCB 2 1 8C CMPX _ Immed 4 3 
2D. BLT 3 2 5D TSTB 2 1 8D BSR Relative 7 2 
2E BGT 3 2 5E * 8E  LDX Immed 3 3 
2F BLE Relative 3 2 5F CLRB Implied 2 1 8F * 

LEGEND: (to be continued) 


~ Number of MPU cycles (less possible push pull or indexed-mode cycies) 
# Number of program bytes 
* Denotes unused opcode 
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OP Mnem Mode ~ # OP Mnem Mode ~ # OP Mnem Mode eu # 
90 SUBA Direct 4 2 C6. LOB Immed 2 2 FC LDD Extended 6 3 
91 CMPA 4 2 C7 . FD STD 6 3 
92 SBCA 4 2 cs EORB 2 2 FE LDU 6 3 
93 SUBD 6 2 C9 ADCB 2 2 FF STU Extended 6 3 
94 ANDA 4 2 CA ORB 2 2 
95 BITA 4 2 CB AbDDB 2 2 
96 LDA 4 2 cc LDD 3 3 2 Bytes Opcode 
97 STA 4 2 CD * 
98 EORA 4 2 CE LDU immed 3 3 1021 LBRN Relative 5 4 
99 ADCA 4 2 CF * 1022 LBHI 5(6) 4 
9A ORA 4 2 1023 LBLS 5(6) 4 
9B ADDA 4 2 DO SUBB Direct 4 2 1024 LBHS, LBCC 5(6) 4. 
9C CMP X 6 2 D1 CMPB 4 2 1025 LBCS, LBLO | 5(6) 4 
9D JSR 7 2 D2 SBCB 4 2 1026 LBNE 5(6) 4 
9E LDX 5 2 D3 ADDD 6 2 1027 LBEQ 5(6) 4 
OF STX Direct 5 2 D4 ANDB 4 2 1028 LBVC 5(6) 4 
D5 BITB 4 2 1029 LBVS 5(6) 4 
AO SUBA Indexed 4+ 2+ D6 LDB 4 2 102A LBPL 5(6) 4 
Al CMPA 4+ 2+ D7 STB 4 2 102B LBMI 5(6) 4 
A2 SBCA 4+ 2+ D8 EORB 4 2 102C LBGE 5(6) 4 
A3 SUBD 6+ 2+ D9 ADCB 4 2 102D LBLT 5(6) 4 
A4 ANDA 4+ 2+ DA ORB 4 2 102E LBGT 5(6) 4 
A5 BITA 4+ 2+ DB ADDB 4 2 102F LBLE Relative 5(6) 4 
AG LDA 4+ 2+ DC LOD 5 2 103F SWI2 Implied 20 2 
A7 STA 4+ 2+ DD STD 5 2 1083 CMPD tmmed 5 4 
A8 EORA 4+ 2+ DE LDU 5 2 108C CMPY 5 4 
AS ADCA 4+ 2+ DF STU Direct 5 2 108E LDY immed 4 4 
AA ORA 4+ 2+ 1093 CMPD Direct 7 3 
AB ADDA 4+ 2+ EO SUBB Indexed 4+ 2+ 109C CMPY 7 3 
AC CMPX 6+ 2+ E1 CMPB 4+ 2+ 109E LDY 6 3 
AD JSR 7+ 2+ E2 SBCB 4+ 2+ 109F STY Direct 6 3 
AE LDX 5+ 2+ E3 ADDD 6+ 2+ 10A3 CMPD Indexed 7+ 3+ 
AF STX Indexed 5+ 2+ E4 ANDB 4+ 2+ 10AC CMPY 7+ 3+ 
E5 BITB 4+ 2+ 10AE LDY 6+ 3+ 
BO SUBA Extended 5 3 E6 LDB 4+ 2+ 10AF STY Indexed 6+ 3+ 
B1 CMPA 5 3 E7 STB 4+ 2+ 10B3 CMPD Extended 8 4 
B2 SBCA 5 3 E8 EORB 4+ 2+ 10BC CMPY 8 4 
B3 SUBD 7 3 EQ ADCB 4+ 2+ 10BE LDY 7 4 
B4 ANDA 5 3 EA ORB 4+ 2+ 10BF STY Extended 7 4 
B5 BITA 5 3 EB ADDB 4+ 2+ 10CE LDS tmmed 4 4 
B6 LDA 5 3 EC LDD 5+ 2+ 10DE LDS Direct 6 3 
B7 STA 5 3 ED STD 5+ 2+ 10DF STS Direct 6 3 
BS EORA 5 3 EE LDU 5+ 2+ 10EE LDS Indexed 6+ 3+ 
B9 ADCA 5 3 EF STU Indexed 5+ 2+ 10EF STS Indexed 6+ 3+ 
BA ORA 5 3 10FE LDS Extended 7 4 
BB ADDA 5 3 FO SUBB Extended 5 3 10FF STS Extended 7 4 
BC CMPX 7 3 F1 CMPB 5 3 113F SWI3 Implied 20 2 
BD JSR 8 3 F2 SBCB 5 3 1183 CMPU tmmed 5 4 
BE LDX 6 3 F3 ADDD 7 3 118C CMPS Immed 5 4 
BF STX Extended 6 3 F4 ANDB 5 3 1193 CMPU Direct 7 3 
F5 BITB 5 3 119C CMPS Direct 7 3 
co SUBB immed 2 2 F6 LDB 5 3 11A3 CMPU Indexed 7+ 3+ 
C1 CMPB 2 2 F7 STB 5 3 11AC CMPS Indexed 7+ 3+ 
C2 SBCB 2 2 F8 EORB 5 3 11B3 CMPU Extended 8 4 
C3 ADDD 4 3 FQ ADCB 5 3 11BC CMPS Extended 8 4 
C4 ANDB 2 2 FA ORB 5 3 
C5 BITB immed 2 2 FB ADDB Extended 5 3 


(NOTE): All unused opcodes are both undefined and illegal 
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@ NOTE FOR USE Cycle-by-cycle flow of CLR instruction (Direct, Extended, 
® Execution Sequence of CLR Instruction Indexed Addressing Mode) is shown below. In this sequence 
the content of the memory location specified by the operand 
Example: CLR (Extended) is read before writing “OO” into it. Note that status Flags, such 
$8000 CLR $ A000 as IRQ Flag, will be cleared by this extra data read operation 
$ A000 FCB $80 when accessing the control/status register (sharing the same 
address between read and write) of peripheral devices. 
Cycle# Address Data  R/W Description | 
1 8000 7F 1 Opcode Fetch @ The Noise of HD6309E at Bus Outputs Changing 
2 8001 AO 1 Operand Address, We shall notify you of the noise of the HD6309E. 
High Byte The noise over 0.8V may appear on the output signals when 
3 8002 00 1 Operand Address, data bus or address bus outputs change from “High” to “Low”. 
Low Byte Problems and countermeasure are shown as follows. 
4 FFFF * 1 VMA Cycle 
5 A000 80 1 Read the Data (1) The Noise at Data Bus Outputs Changing (“High>“Low”) 
6 FFFF * 1 VMA Cycle Problem: The noise over 0.8V may appear on A,s~Aj3, R/W 
7 A000 00 0 Store Fixed ‘‘00” outputs change (worst case; $FF->$00) as shown in 
into Specified Figure 19. : 
Location 


* The data bus has the data at that particular address. 





E 
Q 
Do ~D, 
Ais ~Ais3 
R/W | | : 
tap = 110 ns 
Noise peak (worst case); about 1.5V Period of the noise occurrence (reference data) 
Test condition 5 
Ta=—20°C t= 6~34ns (Ta =—20°C) 
Vec = 5.5V t= 8~43ns (Ta = 25°C) 
Number of data bus lines switching from “High” to “‘Low” = 8 t=12~54ns (Ta= 75°C) 


($FF+$00) data bus load capacitance = 130pF 


Figure 19 Noise at data bus output changing 


Countermeasure: If the noise level can not be reduced by con- Figure 20. Table 11 shows the relationship be- 
trolling data bus load capacitance or reducing tween damping resistors and electrical charac- 
Vcc in your application system, connect teristics. Connecting damping resistors to data 
damping resistors (about 100~150Q2) to data bus is effective to reduce the noise level as 
bus to reduce the noise level as shown in shown in Figure 21. 
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HD6309E 7 damping resistors (about 1002) 


D, 


Do 


Figure 20 Connecting damping resistors to data bus 


Table 11 The relationship between damping resistors and electrical characteristics 


| R= 100 ~ 15022 
_ ° 
rate | ons 
t 
PM [tero-rs’c [gone 


HD63CO9E 
(3MHz) 
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10ns 
V peak 
Test condition 
= 5.5 

a ae The waveform of the noise 

data bus load capacitance 

= 130pF 

(V) 


Noise voltage 





0 60 100 150 ~ 200 R(Q) 


Figure 21 An example of the dependency of the noise voltage on damping resistors 
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2. The Noise at Address Bus Outputs Changing 
(“High” > “Low’”) 
Problem: The noise over 0.8V may appear on BUSY, LIC, 


AVMA outputs when address bus outputs change 
(worst case; $FFFF-$0000) as shown in Figure 22. 





E 
Q 
Ao ~Ats 
tcp = 130ns 
BUSY 
LIC 
AVMA 
Noise peak (worst case); about 1.5V Period of the noise occurrence (reference data) 
Test condition 
Ta = —20°C t= 25~65ns (Ta = —20°C) 
Vec =5,5V t= 30~74ns (Ta = 25°C) 
Number of address bus lines switching from “High” to “‘Low” = t = 34~83ns (Ta = 75°C) 


16 ($F FFF-$0000) address bus load capacitance = 90pF 


Figure 22 Noise at address bus output changing 
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Countermeasure: To prevent the noise on BUSY, LIC, AVMA shown in Figure 23. An example of counter- 
outputs from appearing, this signals must be measure circuit is shown in Figure 24. 
latched at the negative edge of E or Q clock as 


tcp = 130ns 
.t noise 
BUSY g 
LIC A 
AVMA 


usable period 


Figure 23 An example of countermeasure of the noise 


74L $74 
BUSY 
LIC D Q 
AVMA 
ae SC 
stl 
Q 


Figure 24 An example of countermeasure circuit 
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HD64180R 
8-BIT CMOS (Micro Processing Unit) 


The HD64180R is an 8-bit MPU developed with a micro- HD64180RP 
coded execution unit and advanced CMOS manufacturing 
technology. It incorporates high performance CPU, a memory 
management unit (MMU), two channel direct memory access 
controller (DMAC), two channel 16-bit programmable reload 
timer, two channel asynchronous serial communication inter- 
face (ASCI), clock synchronous serial I/O port. 

The HD64180R featuring MMU is suitable for high end 
application requiring 1M byte memory physical address space. 
This device including the numerous peripheral functions is also 
suitable for system applications which require compactness as 
well as high performance. 


@ Software Features 


e Enhanced standard 8-bit software architecture: 
Upward compatible with CP/M-80® 


HD64180RCP 


@ Hardware Features 


¢ On-chip MMU supporting 1M byte memory (Provided 512K 
byte for DP-64S) 

e Two channel DMAC with memory-memory, memory-I/O and 
memory-memory mapped I/O transfer capabilities 

e Two channel, full duplex asynchronous serial communica- 
tion interface (ASCI) with programmable baud rate genera- 
tor and modem control handshake signals 

¢ One channel clocked serial 1/O port with serial/parallel shift 
register 

* Two channel 16-bit programmable reload timer for output 
waveform generation 

e Four external and eight internal interrupts 

e Dual bus interface compatible with Motorola 68 family and 
with Intel 80 family | HD64180RF 

* On-chip clock generator 

e Operating Frequency up to 8 MHz 

* Low power dissipation: 50 mW at 4 MHz Operation (typ.) 


@ TYPE OF PRODUCTS 


Clock Address 
Type No. Frequency Package 
HD64180RP-6 6 MHz 
512 Kb DP-64S 
HD64180RP-8 





HD64180RF-6 6 MHz 
| FP-80 

HD64180RF-8 8 MHz 
, 1 Mb 7 

HD64180RCP-6X 6 MHz 
| ——— | FP-68 

HD64180RCP-8X 8 MHz 
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HD64180RF 
o |x 
(®) 
E cig x 2 
mS “a 2 Cie us fu 
ESSERE Ese Oke eB 
SHRHRPRM RRR REA E TR ISHS] 31[3 [3] 

NMI [7] 64] REF 
nc [2] [63] NC 
NC [| 3] 62] NC 

INTo [4 | 61] HALT 
INT: [5] 60] TEND: 

INT2 L¢! 59] DREO 
ST 58] CKS 

AoL8| RXS/CTS1 
AiL9| 56] TXS 
Az [io] [55] CKA:/TENDo 
A3 [11] 154] RXA1 
Vss | 12] 53] NC 
Aafi3) 52] TXA; 
NC [14] 51] NC 
As | 50] CKAo/DREQo 
Ae| 16 491 RXAo 
Az 48] TXAo 
As| 18] DCDo 
AogL19} | 46] CTSo 
Ai] 20] 45] RTSo 
An [21] | 44) D7 
NC [| 22) 43] NC 
NC [23] 42] NC 
Ai2 [24] 41} De 
SHS SENS EFSF ESI 
o£ POTOkF SFHROrAe ZL 
Lee eZIeqSO90000 
5 
<q 
(FP-80) 
HD64180RCP 
[om ec us |tdd br 
eSeu.8ee 
HALT 
TEND; 
DREQ: 
7) CKS 
RXS/CTS: 
TS 
CKA1/TENDo 
31 RXAi 
2] NC 
ly TXAy 
0] CKAo/DREQo 
RXAo 
48] TXAo 
7; DCDo 
46] CTSo 
5] RTSo ~NC: Not connected. 
144] D7 
Please leave open 
the NC pins. 
© HITACHI 


ee eeeEeeeeeeEeSeeFSSFSFSsSsSeFeFhFHeHeehh H D641 80R 


= BLOCK DIAGRAM 


BUSACK 





BUSREQ 





EXTAL 
RESET 


WAIT 


HALT 





INTo 
INT 1 
INT2 


pom | 
a 6 
ts 
x< 


WR 
UR 
ME 
IOE 
REF 
T 
NMI 


RD 


Bus State Control jttorapt 
CPU 













és Timing 
Generator 
16-bit -DREQ: 
-Dl 
Programmable TEND; 
A1s/TOUT ier ial | 





Data Bus (8-bit) 











TXS i Clocked 
pes Icahn CKAo/DREQo 
(ETS. | Asynchronous |. RXAo 
ae SCl 
(channel 0) RTSo 
CTSo 
DCDo 
TXA1 
Asynchronous CKA:/TENDo 
SCI | 
(channel 1) RXA1 








Ao~Ai7 Do~D7 
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HD64180R 
4.Electrical characteristics 


@ ABSOLUTE MAXIMUM RATINGS 


item Symbol Value Unit 
Supply Voltage Vcc -0.3~+7.0 V 
Input Voltage | Vin -0.3~Vcc+0.3 V 
Operating Temperature Topr -20~+75 °C 
Storage Temperature T stg -55~+150 °C 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions are exceeded, it could affect reliability of LSI. 


@ DC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=—20~+75C, unless otherwise 











noted.) 
item Symbol Condition min typ max Unit 

Input “H” Voltage Vint Vec-0.6 —- Vect+0.3 V 

RESET, EXTAL, NMI 

Input “H” Voltage Vin2 2.0 a Vec+O0.3 V 

Except RESET, EXTAL,NMI 

Input “L” Voltage Vint | -0.3 = 0.6 V 

RESET, EXTAL,NMI 

Input “L” Voltage Vit2 -0.3 - 0.8 V 

Except RESET, EXTAL,NMI 

Output “H” Voltage lon = —200uA 2.4 _ a 

All Outputs Von a Se LV 
lon= —20uA Vec-1.2 — ae 

Output “L” Voltage VoL lplL=2.2MA = = 0.45 V 

Ail Outputs 


Input Leakage 
Current All Inputs hie Vin=0.5 ~ Vec—0.5 = — 1.0 uA 
Except XTAL,EXTAL 


Three State Leakage Ire Vin=0.5 ~ Vec—0.5 = a3 1.0 uA 
Current 
Power Dissipation Icc f=4MHz a 10 20 
(Normal Operation) 
f =6MHz s 15 30 
f= 8MHz = 20 40 
$$ mA 
Power Dissipation f=4MHz a 2.5 5.0 
(SYSTEM STOP mode) 
f=6MHz - 3.3 7.5 
f=8MHz re 5.0 10.0 
Pin Capacitance Cp Vin=O0V, f=1MHz _ = 12 pF 
Ta=25°C 
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HD64180R 
@m AC CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=—20~+75C, unless otherwise 








noted. ) 
HD64180R -4 HD64180R -6 HD64180R -8 

item Symbol min max min max min max unit 
Clock Cycle Time teve 250 2000 162 2000 125 2000 ns 
Clock “H” Pulse Width toHw 110 65 50 ns 
Clock “L” Pulse Width teLw 110 65 50 ns 
Clock Fall Time tos 15 15 15 ns 
Clock Rise Time i 15 15 15 ns 
Acaresé Delay Time tap 110 90 80 ns 
Address Set-up Time tas 50 30 20 ns 

(ME or IOE | ) 
ME Delay Time 1 then: 85 60 50 ns 
RD Delay Time 1 taood 85 60 — 60 ns 
LIR Delay Time 1 tipi 100 80 70* ns ; 
Address Hold Time 1 7 tay 80 35 —_ 20 ns 
(ME, IOE, RD or WR + ) 
RD Delay Time 2 trop2 85 60 50 We. — 
LIR Delay Time 2 tip2 | 100 80 70* ns 
Data Read Set-up Time tors 50 40 30 ns 
Data Read Hold Time torH 0 0 O ns 
ST Delay Time 1 tstp1 110 90 70 ns 
ST Delay Time 2 tstp2 110 90 70 ns 
WAIT Set-up Time tws 80 40 40 ns _ 
WAIT Hold Time twu 70 40 40 ns 
Write Data Floating twoz 100 95 70 ns 
Delay Time 
WR Delay Time 1 twrot 90 65 60 ns 
Write Data Delay Time twop 110 90 80 ns 
Write Data Set-up Time twos 60 40 20 ns 
(WR I) 

WR Delay Time 2 twro2 90 80 60 ns 
WR Pulse Width twap 280 170 130 ns 


* For a loading capacitance of less than or equal to 40 picofarads and operating temperature from O to 50 degrees, substract 10 
nanoseconds from the value given in the maximun columns. 
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HD64180R -4 HD64180R -6 HD64180R -8 





item Symbol min max min max min max unit 
Write Data Hold Time twou | 60 40 15 ns 
(WR Tt ) 
IOE Delay Time 1 tiop1 85 60 50 ns 
IOE Delay Time 2 tiop2 85 60 50 ns 
IOE Delay Time 3 tiop3 540 340 250 ns 
(LIR J ) 
INT Set-up Time | tints 80 40 40 ns 
(d J ) 
INT Hold Time tincs 70 40 40 ns 
(pd J) 
NMI Pulse Width tamiw 120 120 100 ns 
BUSREQ Set-up Time ters 80 40 40 ns 
(d 1) 
BUSREQ Hold Time tary 70 40 40 ns 
(Pd 1) 
BUSACK Delay Time 1 toaps 100 95 70 ns 
BUSACK Delay Time 2 teap2 100 95 70 ns 
Bus Floating Delay Time tazp 130 125 90 ns 
ME Pulse Width (HIGH) tewH 200 110 90 ns 
ME Pulse Width (LOW) tawit 210 125 100 ns 
REF Delay Time 1 tarp} 110 90 80 ns 
REF Delay Time 2 trepe 110 90 80 ns 
HALT Delay Time 1 tapi 110 90 80 ns 
HALT Delay Time 2 tuaps 110 90 80 ns 
DREO i Set-up Time toros 80 40 40 ns 
DREO i Hold Time toroH 70 40 40 ns 
TEND i Delay Time 1 tren; 85 70 60 ns 
TEND i Delay Time 2 trep? 85 70 60 ns 
Enable Delay Time 1 tep1 100 95 70 ns 
Enable Delay Time 2 tep2 100 95 70 ns 
E Pulse Width (HIGH) Paci 150 75 65 ns 
E Pulse Width (LOW) PWeL 300 180 130 ns 
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item 

Enable Rise Time 

Enable Fall Time 

Timer Output Delay Time 


CSI/O Transmit Data 
Delay Time 

(Internal Clock Operation) 
CSI/O Transmit Data 
Delay Time 

(External Clock Operation) 
CSI/O Receive Data 
Set-up Time 

(Internal Clock Operation) 
CSI/O Receive Data 


Hold Time 
(Internal Clock Operation) 


CSI/O Receive Data 
Set-up Time 
(External Clock Operation) 


CSI/O Receive Data 
Hold Time 
(External Clock Operation) 


RESET Set-up Time 
RESET Hold Time 


Oscillator Stabilization 
Time 


External. Clock Rise Time | 


(EXTAL) 


External Clock fall Time 
(EXTAL) 


RESET Rise Time 
RESET Fall Time 


Input Rise Time 
(except EXTAL, RESET) 


Input fall Time 
(except EXTAL, RESET) 


HD64180R -4 HD64180R -6 HD64180R -8 
Symbol min max min max min max unit 
te, 25 20 20 ns 
tes 25 20 20 ns 
trop 300 200 200 ns 
tstpr 200 200 200 =ns 
tstpeE 7 .Stcyc 7.5tcyc 7.5tcyc ns 
+300 +300 +200 
tsrsi 1 1 1 tcyc 
tsrHi 1 1 1 tcyc 
tsrse 1 1 1 tcyc 
tsRHE 1 1 1 tcyc 
tres 120 120 100 ns 
tren 80 80 70 ns 
tosc 20 20 20 ms 
texr 25 25 25 ns 
tex¢ 25 25 25 ns 
tr, 50 50 50 ms 
tre 50 50 50 ms 
ti, 100 100 100 ns 
ti 100 100 100 ns 
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HD64180R 


plan (ely 


ADDRESS 


: 


= 
> 
— 


ST 


Data 
iN —- 


Data 
OUT 





t tREH 
RES 


“1 
tres, [+ +-trEH 
RESET | 


“1 Output buffer is off at this point. 


Figure 1 CPU Timing (1) 
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HD64180R 


OR *1 


Z Z| &. 
= 
Zz 
25 rs 
be a - 
—|s 
: | } 
Jo< 


at = tpRH 
-\ [TN 
CALS ms ‘AW, 


trRFD2 





tars 
BUSREQO 


BUSACK 


ADDRESS 
DATA 
ME, RD 
WR, I0E 





tgzp 
e 


tHAD1 tHAD2 
HALT 


*1 during INTo acknowledge cycle 
*2 during refresh cycle 
*3 Output buffer is off at this point. 


Figure 1 CPU Timing (2) 
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HD64180R 


CPU or DMA Read/Write Cycle (Only DMA Write Cycle for TEND) 


DREOI 
(at level sense) 


DREGI 


(at edge sense) 


TENDi 


ST 





“1 tpras and tprgn are specified for the rising edge of clock followed by Ts. 
*2 tpras and tpragu are specified for the rising edge of clock. 

*3 DMA cycle starts. 

*4 CPU cycle starts. 


Figure 2 DMA Control Signals 


T1 Te Tw Tw 


Ts 
@ \ \ 
: tep1 teo2 
E 
(Memory Read/Write) 
tep1 tep2 


E 
(VO Read) 
tep1 


; t 
(/O Write) DRS 


torH 


Figure 3 E Clock Timing (1) 











E 
BUS RELEASE mere) 
SLEEP mode 


Figure 3 E Clock Timing (2) 
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I HO GAIBOR 


Timer Data 
Reg.= O000H 


A1e/TOUT _ 2 


trop 


Figure 4 Timer Output Timing 


SLP Instruction fetch 


Ta Ti Te Ts Ts T1 


1) 
twits tWTH 
NT; 
NMI 


Ao~Ai18 } . 


az 
a 


tHap2 


Figure 5 SLP Execution Cycle 
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CSI/O Clock 


Transmit data 
(Internal Clock) 


Transmit data 
(External Clock) 


Receive data 
(Internal Clock) 


Receive data 
(External Clock) 





Figure 6 CS1/O Receive/Transmit Timing 


Vcc 


R= 2.2k0, 
Test Point Reference Level (Input) 
182074 © 
C+==R ¥ or Equiv. 








C=90pF R=12k0 


Reference Level (Output) 


tif <— th 





EXTAL Rise time and Fall time Inputs, other than EXTAL, Rise time and Fall time 


Figure 7 Bus Timing Test Load (TTL Load) 
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1 PIN DESCRIPTION 
XTAL (iN) 

Crystal oscillator connection. Should be left open if an external 
TTL clock is used. It is noted this input is not a TTL level input. See 
Table D.C. characteristics. 


EXTAL (IN) 
Crystal oscillator connection. An external TTL clock can be 
input on this line. This input is schmitt triggered. 


@ (OUT) 
System Clock. The frequency is equal to one-half of crystal oscil- 
lator. 


RESET — CPU Reset (IN) 
When LOW, initializes the HD64180 CPU. All output signals 
are held inactive during RESET. 


Ao-A17 — Address Bus (OUT, 3-STATE) 
Aig/TOUT 

19-bit address bus provides physical memory addresses of up to 
512k bytes. The address bus enters the high impedance state during 
RESET and when another device acquires the bus as indicated by 
BUSREQ and BUSACK LOW. A,, is multiplexed with the TOUT 
output from PRT channel 1. During RESET, the address bus func- 
tion is selected. TOUT function can be selected under software con- 
trol. 


Do-D7 — Data Bus (IN/OUT, 3-STATE) 

Bidirectional 8-bit data bus. The data bus enters the high impe- 
dance state during RESET and when another device acquires the 
bus as indicated by BUSREQ and BUSACK LOW. 


RD — Read (OUT, 3-STATE) 
Used during a CPU read cycle to enable transfer from the exter- 
nal memory or I/O device to the CPU data bus. 


WR — Write (OUT, 3-STATE) 
Used during a CPU write cycle to enable transfer from the CPU 
data bus to the external memory or I/O device. 


ME — Memory Enable (OUT, 3-STATE) 

__indicates memory read or write operation. The HD64180 asserts 
ME LOW in the following cases. 

(a) When fetching instructions and operands. 

(b) When reading or writing memory data. 

(c) During memory access cycles of DMA. 

(d) During dynamic RAM refresh cycles. 


1OE — 1/0 Enable (OUT, 3-STATE) et 
Indicates I/O read or write operation. The HD64180 asserts IOE 

LOW in the following cases. 

(a) When reading or writing I/O data. 

(b) During I/O access cycles of DMA. 

(c) During INT, acknowledge cycle 


WAIT — Bus Cycle Wait (IN) 

Introduces wait states to extend memory and I/O cycles. If LOW 
at the falling edge of T,, a wait state (Tw) is inserted. Wait states will 
continue to be inserted until the WAIT input is sampled HIGH at 
the falling edge of Tw, at which time the bus cycle will proceed to 
completion. 


—E — Enable (OUT) 
Synchronous clock for connection to HD63 X X series and other 
6800/6500 series compatible peripheral LSIs. 


BUSREQ — Bus Request (iN) 
Another device may request use of the bus by asserting 
BUSREQ LOW. The CPU will stop executing instructions and 








eee eee —ee 


places the address bus, data bus, RD, WR, ME and JOE in the high 


impedance state. 


BUSACK — Bus Acknowledge (OUT) | ; 

When the CPU completes bus release (in response to BUSREQ 
LOW), it will assert BUSACK LOW. This acknowledges that the 
bus is free for use by the requesting device. 


HALT — Halt/Sleep Status (OUT) 
Asserted LOW after execution of the HALT or SLP instruc- 
tions. Used with LIR and ST output pins to encode CPU status. 


LIR — Load Instruction Register (OUT) 7 
Asserted LOW when the current cycle is an op-code fetch cycle. 
Used with HALT and ST output pins to encode CPU status. 





ST — Status (OUT) fare 
Used with the HALT and LIR output pins to encode CPU 


Status. 


Table 1 Status Summary 


CPU operation | 
(1st op-code fetch) | 


CPU operation 
(2nd op-code and 
3rd op-code fetch) 












CPU operation 
(MC except for op-code fetch) 


DMA operation 
HALT mode 


SLEEP mode (including 
SYSTEM STOP mode) 










NOTE) xX: Don’tcare 
MC: Machine cycie 


REF — Refresh (OUT) 

When LOW, indicates the CPU is in the dynamic RAM refresh 
cycle and the low-order 8 bits (A,-A,) of the address bus contain 
the refresh address. 


NMI — Non-Maskabie Interrupt (IN) | 

When edge transition from HIGH to LOW is detected, force 
the CPU to save certain state information and vector to an interrupt 
service routine at address 0066H. The saved state information is re- 
stored by executing the RETN (Return from Non-Maskable Inter- 
rupt) instruction. 


INT. — Maskable Interrupt Level 0 (IN) 

When LOW, requests a CPU interrupt (unless masked) and 
saves certain state information unless masked by software. INT, re- 
quests service using one of three software programmable interrupt 
modes. 


[Mode | (Operation = 
| o | Instruction fetched and executed from data bus. | 







Instruction fetched and executed from address 
O0O038H. 


Vector System — Low-order 8 bits vector table 
address fetched from data bus. 










In all modes, the saved state information is restored by execut- 
ing RETI (Return from Interrupt) instruction. 
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INT,, INT, — Maskable Interrupt Level 1, 2 (IN) 

When LOW, requests a CPU interrupt (unless masked) and 
saves certain state information unless masked by software. INT, 
and INT, (and internally generated interrupts) request interrupt 
service using a vector system similar to Mode 2 of INT). 





‘DREQ, — DMA Request — Channel 0 (IN) 

When LOW (programmable edge or level sensitive), requests 
DMA transfer service from channel 0 of the HD64180 DMAC. 
DREQ, is used for Channel 0 memory <——> I/O and memory 
<—> memory mapped J/O transfers. DREQ, is not used for 
memory <—> memory transfers. This pin is multiplexed with 
CKA,. 





TEND, — Transfer End — Channel 0 (OUT) 

Asserted LOW synchronous with the last write cycle of channel 
0 DMA transfer to indicate DMA completion to an external device. 
This pin is multiplexed with CKA,. 


DREQ, — DMA Request — Channel 1 (IN) 

When LOW (programmable edge or level sense), requests 
DMA transfer service from channel 1 of the HD64180 DMAC. 
Channel 1 supports Memory <——> I/O transfers. 


TEND, — Transfer End — Channel 1 (OUT) 
Asserted LOW synchronous with the last write cycle of channel 
1 DMA transfer to indicate DMA completion to an external device. 


TXAy — Asynchronous Transmit Data — Channel 0 (OUT) 
Asynchronous transmit data from channel 0 of the Asynchro- 
nous Serial Communication Interface (ASCD). 


RXA, — Asynchronous Receive Data —. Channel 0 (IN) 
Asynchronous receive data to channel 0 of the ASCI. 


CKA, — Asynchronous Clock — Channel 0 (IN/OUT) 
Clock input/output for channel 0 of the ASCI. This pin is 
multiplexed (software selectable) with DREQ,. 


RTS, — Request to Send — Channel 0 (OUT) 
Programmable modem control output signal for channel 0 of the 
ASCI. 


CTS, — Clear to Send — Channel 0 (IN) 
Modem control input signal for channel 0 of the ASCI. 


DCD, — Data Carrier Detect — Channel 0 (IN) 
Modem control input signal for channel 0 of the ASCI. 


TXA, — Asynchronous Transmit Data — Channel 1 (OUT) 
Asynchronous transmit data from channel 1 of the ASCI. 


HD64180R 


RXA, — Asynchronous Receive Data — Channe! 1 (IN) 
Asynchronous receive data to channel 1 of the ASCI. 


CKA, — Asynchronous Clock — Channel 1 (IN/QUT) 
Clock input/output for channel 1 of the ASCI. This pin is 
multiplexed (software selectable) with TEND,. 





CTS, — Clear to Send — Channel 1 (IN) 
Modem control input signal for channel | of the ASCI. This pin 
is multiplexed (software selectable) with RXS. 


TXS — Clocked Seriai Transmit Data (OUT) 
Clocked serial transmit data from the Clocked Serial I/O Port 
(CSI/O). 


RXS — Clocked Serial Receive Data (IN) 

Clocked serial receive data to the CSI/O. This pin is multiplexed 
(software selectable) with ASCI channel 1 CTS: modem control 
input. 


CKS — Serial Clock (IN/OUT) 
Input or output clock for the CSI/O. 


TOUT — Timer Output (OUT) 
Pulse output from Programmable Reload Timer channel 1. This 
pin is multiplexed (software selectable) with A,, (Address 18). 


Vcc — Power Supply 
Vss — Ground 


Multiplexed pin descriptions 
Ay3/TOUT 

During RESET, this pin is initialized as A,, pin. If either TOC] 
or TOCO bit in Timer Control Register (TCR) is set to 1, TOUT 
function is selected. 

If TOC] and TOC bits are cleared to 0, A,, function is selected. 


CKA,/DREQ, | 

During RESET, this pin is initialized as CK A, pin. If either DM1 
or SM1 in DMA Mode Register (DMODE) is set to 1, DREQ, 
function is always selected. 


CKA,/TENDo 

During RESET, this pin is initialized as CKA, pin. If CKAID bit © 
in ASCI control register ch 1 (CNTLA1) is set to 1, TEND, func- 
tion is selected. If CKA1D bit is set to 0, CKA, function is selected. 





RXS/CTS, 

During RESET, this pin is initialized as RXS pin. If CTS1E bit in 
ASCI status register chl (STATI) is set to 1, CTS, function is 
selected. 

If CTSIE bit is set to 0, RXS function is selected. 
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2 CPU REGISTERS 

The HD64180 CPU registers consist of Register Set GR, Regis- 
ter Set GR’ and Special Registers. 

The Register Set GR consists of 8-bit Accumulator (A), 8-bit 
Flag Register (F), and three General Purpose Registers (BC, DE, 
and HL) which may be treated as 16-bit registers (BC, DE, and 
HL) or as individual 8-bit registers (B, C, D, E, H, and L) depend- 
ing on the instruction to be executed. The Register Set GR’ is alter- 
nate register set of Register Set GR and also contains Accumulator 


Register Set GR 


| Accumulator | Flag Register 
A F 
























Registers 
Register Set GR’ 
Accumulator Flag Register 
| A’ F’ 
General 
Registers 


General 





(A’), Flag Register (F’) and three General Purpose Registers (BC’, 
DE’, and HL’). While the alternate Register Set GR’ contents are 
not directly accessible, the contents can be programmably ex- 
changed at high speed with those of Register Set GR. 

The Special Registers consist of 8-bit Interrupt Vector Register 
(I), 8-bit R Counter (R), two 16-bit Index Registers (IX and IY), 
16-bit Stack Pointer (SP), and 16-bit Program Counter (PC). 

Fig. 8 shows CPU registers configuration. 


Special Registers 


R Counter 


Interrupt 
Vector Register 


Index Register IX 
Index Register IY 
Stack Pointer SP 


Program Counter PC 





Figure 8 CPU Register Configuration 


2.1 Register Description 


(1) Accumulator (A, A‘) 
The Accumulator (A) serves as the primary register used for 
many arithmetic, logical and I/O instructions. 


(2) Flag Registers (F, F’) 
The flag register stores various status bits (described in the next 
section) which reflect the results of instruction execution. 


(3) General Purpose Registers (BC, BC’, DE, DE’, HL, HL’) 

The General Purpose Registers are used for both address and 
data operation. Depending on instruction, each half (8 bits) of these 
registers (B, C, D, E, H, and L) may also be used. 


(4) Interrupt Vector Register (I) 

For interrupts which require a vector table address to be calcu- 
lated (INT, Mode 2, INT,, INT, and internal interrupts), the Inter- 
rupt Vector Register (I) provides the most significant byte of the 
vector table address. 








(5) R Counter (R) 
The least significant seven bits of the R Counter (R) serve to 
count the number of instructions executed by the HD64180. R is 


incremented for each CPU op-code fetch cycles (each LIR cycles). 


(6) Index Registers (IX, and IY) 

The Index Registers are used for both address and data opera- 
tions. For addressing, the contents of a displacement specified in 
the instruction are added to or subtracted from the Index Register 
to determine an effective operand address. 


(7) Stack Pointer (SP) 


The Stack Pointer (SP) contains the memory address based 
LIFO stack. 


(8) Program Counter (PC) 

The Program Counter (PC) contains the address of the instruc- 
tion to be executed and is automatically updated after each instruc- 
tion fetch. 


(9) Flag Register (F) 

The Flag Register stores the logical state reflecting the results of 
instruction execution. The contents of the Flag Register are used to 
control program flow and instruction operation. 
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Eaeaeee lee eos pa ee | Flag Register (F) 


S: Sign (bit 7) 

S stores the state of the most significant bit (bit 7) of the result. 
This is useful for operations with signed numbers in which values 
with bit 7 = 1 are interpreted as negative. 


bit 


Z: Zero (bit 6) 
Z is set to 1 when instruction execution results containing 0. 
Otherwise, Z is reset to 0. 


H: Half Carry (bit 4) 

H is used by the DAA (Decimal Adjust Accumulator) instruc- 
tion to reflect borrow or carry from the least significant 4 bits and 
thereby adjust the results of BCD addition and subtraction. 


P/V: Parity/Overflow (bit 2) 

P/V serves a dual purpose. For logical operations P/V is set to 1 
if the number of | bit in the result is even and P/V is reset to 0 if the 
number of 1 bit in the result is odd. For two complement 
arithmetic, P/V is set to 1 if the operation produces a result which is 
outside the allowable range (+127 to — 128 for 8-bit operations, 
+ 32767 to — 32768 for 16-bit operations). 


N: Negative (bit 1) 


N is set to 1 if the last arithmetic instruction was a subtract oper- 
ation (SUB, DEC, CP, etc.) and N is reset to 0 if the last arithmetic 


8-bit Register 


HD64180R 


instruction was an addition operation (ADD, INC, etc.). 


C: Carry (bit 0) 

C is set to 1 when a carry (addition) or borrow (subtraction) 
from the most significant bit of the result occurs. C is also affected 
by Accumulator logic operations such as shifts and rotates. 


3 ADDRESSING MODES 
The HD64180 instruction set includes eight addressing modes. 

Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 
IO 


(1) Implied Register (IMP) 

Certain op-codes automatically imply register usage, such as the 
arithmetic operations which inherently reference the Accumulator, 
Index Registers, Stack Pointer and General Purpose Registers. 


(2) Register Direct (REG) 

Many op-codes contain bit fields specifying registers to be used 
for the operation. The exact bit field definition vary depending on 
instruction as follows. 








16-bit Register 
Pot | oe 










Suffixed H and L to ww,xx,yy,zz (ex. wwH,IXL) indicate upper and lower 8-bit of the 16-bit 


register respectively. 
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(3) Register indirect (REG) 


The memory operand address is contained in one of the 16-bit 
General Purpose Registers (BC, DE and HL). 





(4) Indexed (INDX) 

The memory operand address is calculated using the contents of 
an Index Register (IX or IY) and an 8-bit signed displacement spec- 
ified in the instruction. 











op-code 1 
displacement (d) 





Sign extended 






IX or IY 


(5) Extended (EXT) 


The memory operand address is specified by two bytes contained 
in the instruction. 








(6) immediate (IMMED) 
The memory operands are contained within one or two bytes of 
the instruction. 


Tm _]} e-bi operand 


(7) Relative (REL) 

Relative addressing mode is only used by the conditional and 
unconditional branch instructions. The branch displacement (rela- 
tive to the contents of the program counter) is contained in the in- 
struction. 









displacement (j) 


Sign extended 


Program Counter (PC) 


(8) 10 (10) 
IO addressing mode is used only by I/O instructions. This mode 

specifies I/O address (IOE = 0) and outputs them as follows. 

(1) An operand is output to A,-A,. The Contents of Accumulator 
is output to A,-A,,. ; 

(2) The Contents of Register B is output to A,-A,. The Contents 
of Register C is output to A,-A,,. 

(3) An operand is output to Ay-A;. 00H is output to A,-A,;. 
(useful for internal I/O register access) 

(4) The Contents of Register C is output to A,-A;. 00H is output 
to A,-A,;. 
(useful for internal I/O register access) 
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4 CPU BUS TIMING 
This section explains the HD64180 CPU timing for the following 
operations. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


Instruction (op-code) fetch timing. 

Operand and data read/write timing. 

I/O read/write timing. 

Basic instruction (fetch and execute) timing. 
RESET timing. 

BUSREQ/BUSACK bus exchange timing. 


The basic CPU operation consists of one or more ‘‘machine cy- 
cles” (MC). A machine cycle consists of three system clocks, T,, T, 
and T; while accessing memory or I/O, or it consists of one system 
clock, Ti while the CPU internal operation. The system clock (¢) is 
half frequency of crystal oscillation (Ex. 8 MHz crystal—~> ¢@ of 4 


MHz, 250 nsec). For interfacing to slow memory or peripherals, 
optional wait states (Tw) may be inserted between T, and T,. 


4.1 Instruction (op-code) Fetch Timing 

Fig. 9 shows the instruction (op-code) fetch timing with no wait 
states. 

An op-code fetch cycle is externally indicated when the LIR 
(Load Instruction Register) output pin is LOW. 

In the first half of T,, the address bus (A,-A,,) is driven with the 
contents of the Program Counter (PC). Note that this is the trans- 
lated address output of the HD64180 on-chip MMU. Ce 

In the second half of T,, the ME (Memory Enable) and RD 
(Read) signals are asserted LOW, enabling the memory. 

The op-code on the data bus is latched at the rising edge of T, 
and the bus cycle terminates at the end of T;. 


Op-code Fetch Timing 


r—rrrreo 


Figure 9 Op-Code Fetch Timing 


Fig. 10 illustrates the insertion of wait states (Tw) into the op- 
code fetch cycle. Wait states (Tw) are controlled by the external 
WAIT input combined with an on-chip programmable wait state 
generator. 

At the falling edge of T, the combined WAIT input is sampled. If 





WAIT input is asserted LOW, a wait state (Tw) is inserted. The ad- 
dress bus, ME, RD and LIR are held stable during wait states. 
When the WAIT is sampled inactive HIGH at the falling edge of 
Tw, the bus cycle enters T, and completes at the end of T;. 


Op-code fetch cycle 


Figure 10 Op-Code Fetch Timing (with wait state) 
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4.2 Operand and Data Read/Write Timing 
The instruction operand and data read/write timing differs from 
op-code fetch timing in two ways. First, the LIR output is held inac- 


tive. Second, the read cycle timing is relaxed by one-half clock cycle. 


since data is latched at the falling edge of T;. 

Instruction operands include immediate data, displacement and 
extended addresses and have the same timing as memory data 
reads. 


During memory write cycles the ME signal goes active in the 


Read cycie 


second half of T,. At the end of T,, the data bus is driven with the 
write data. os 

At the start of T,, the WR signal is asserted LOW enabling the 
memory. ME and WR go inactive in the second half of T,; followed 
by deactivation of the write data on the data bus. 

Wait states (Tw) are inserted as previously described for op-code 
fetch cycles. 

Fig. 11 illustrates the read/write timing without wait states (Tw), 
while Fig. 12 illustrates read/write timing with wait states (Tw). 


(Sauna Sc eee ORD 


Ti Te2 T3 


Ti Te T3 T1 


oe eed ee a ed 


Ao—At1a Memory address | | | Memory address 


| | | | 
maces DANS GUN REN GEN MOND GND GND CRED GED GE 06 QUEUES, <OD GE om am em T —_— —_ am am enn ane r —— ame axe amp ee gembeeny ere am ae em ome ame a ce aw ae a am ame cae aw ane 
WAT © ae Cee enews te 


Figure 11 Memory Read/Write Timing (without wait state) 


| Read cycle | Write cycle 


Figure 12 Memory Read/Write Timing (with wait state) 
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4.3 1/0 Read/Write Timing 

I/O instructions cause data read/write transfer which differs 
from memory data transfer in the following three ways. The IOE (1/ 
O Enable) signal is asserted LOW instead of the ME signal. The 16- 
bit I/O address is not translated by the MMU and A,,-A,, are held 


\/O read cycle 


LOW. At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except internal I/O cycles). 

Fig. 13 shows I/O read/write timing with the automatically in- 
serted wait state (Tw). 


I/O write cycle 


J] ed 


T1 Te2 Tw 


d 
l ] 
| ! 


T3 


T1 T2 Tw T3 


We Nee ell et ee he a ea Le 


| 
Ao—Ais I/O address /O address 
l 


Do—D7 








= 
> 
+ 


m 


RD 
WR l 
NOTE: Aic—Ais = 0 for I/O cycles — 


Figure 13 I/O Read/Write Timing 


4.4 Basic Instruction Timing 

An instruction may consist of a number of machine cycles in- 
cluding op-code fetch, operand fetch and data read/write cycles. An 
instruction may also include cycles for internal processing in which 
case the bus is idle. 

The example in Fig. 14 illustrates the bus timing for the data 
transfer instruction LD (IX+d),g. This instruction moves the con- 
tents of a CPU register (g) to the memory location with address 


computed by adding an signed 8-bit displacement (d) to the con- 
tents of an index register (IX). 

The instruction cycle starts with the two machine cycles to read 
the two bytes instruction op-code as indicated by LIR LOW. Next, 
the instruction operand (d) is fetched. 

The external bus is idle while the CPU computes the effective 
address. Finally, the computed memory location is written with the 
contents of the CPU register (g). 
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read cycle 
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operation 
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g = register contents 


Figure 14 LD (IX+d), g Instruction Timing 


4.5 RESET Timing 
Fig. 15 shows the HD64180 hardware RESET timing. If the RE- 
SET pin is LOW for at least six clock cycles, processing is termi- 


nated and the HD64180 restarts execution from (logical and physi- 
cal) address 00000H. 


RESET Start 






OP-code fetch cycle 


Be ee ee ee ee 


' 
6 or more than 6 clocks 


Ao—Ais — 


High i 
sll tli Restart address(OOOOOH) 


Figure 15 RESET Timing 


4.6 BUSREQ/BUSACK Bus Exchange Timing 

The HD64180 can coordinate the exchange of control, address 
and data bus ownership with another bus master. The alternate bus 
master can request the bus release by asserting the BUSREQ (Bus 
Request) input LOW. After the HD64180 releases the bus, it relin- 
quishes control to the alternate bus master by asserting the 
BUSACK (Bus Acknowledge) output LOW. 

The bus may be released by the HD64180 at the end of each ma- 
chine cycle. In this context a machine cycle consists of a minimum 
of 3 clock cycles (more if wait states are inserted) for op-code fetch, 
memory read/write and I/O read/write cycles. Except for these 
cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (A,-A,,), data (D)-D,) 


‘and control (ME, IOE, RD, and WR) signals are placed in the high 
impedance state. 

Note that dynamic RAM refresh is not performed when the 
HD64180 has released the bus. The alternate bus master must pro- 
vide dynamic memory refreshing if the bus is released for long peri- 
ods of time. 

Fig. 16 illustrates BUSREQ/BUSACK bus exchange during a 
memory read cycle. Fig. 17 illustrates bus exchange when the bus 
release is requested during an HD64180 CPU internal operation. 
BUSREQ is sampled at the falling edge of the system clock prior to 
T,, Ti and Tx (BUS RELEASE state). If BUSREQ is asserted LOW 
at the falling edge of the clock state prior to Tx, another Tx is ex- 
ecuted. 
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| CPU memory read cycle | Bus release cycle | CPU cycle 


Figure 16 Bus Exchange Timing (1) 


| CPU internal operation | Bus release cycle | CPU cycle 


Figure 17 Bus Exchange Timing (2) 
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5 HALT AND LOW POWER OPERATION MODES 

The HD64180 can operate in 4 different modes. HALT mode, 
IOSTOP mode and two low power operation modes — SLEEP and 
SYSTEM STCP. Note that in all operating modes, the basic CPU 
clock (XTAL, EXTAL) must remain active. 


5.1 HALT Mode 
HALT mode is entered by execution of the HALT instruction 

(op-code = 76H) and has the following characteristics. 

(1) The internal CPU clock remains active. 

(2) All internal and external interrupts can be received. 

(3) Bus exchange (BUSREQ and BUSACK) can occur. 

(4) Dynamic RAM refresh cycle (REF) insertion continues at the 
programmed interval. . 

(5) I/O operations (ASCI, CSI/O and PRT) continue. 

(6) The DMAC can operate. 

(7) The HALT output pin is asserted LOW. 

(8) The external bus activity consists of repeated ‘dummy’ fetches 
of the op-code following the HALT instruction. 





Essentially, the HD64180 operates normally in HALT mode, 
except that instruction execution is stopped. 
HALT mode can be exited in the following two ways. 


RESET Exit from HALT Mode 

If the RESET input is asserted LOW for at least six clock cycles, 
HALT mode is exited and the normal RESET sequence (restart at 
address 00000H) is initiated. 





Interrupt Exit from HALT Mode 

When an internal or external interrupt is generated, HALT 
mode is exited and the normal interrupt response sequence is initi- 
ated. 

If the interrupt source is masked (individually by enable bit, or 
globally by IEF, state), the HD64180 remains in HALT mode. 
However, NMI interrupt will initiate the normal NMI interrupt re- 
sponse sequence independent of the state of IEF,. 

HALT timing is shown in Fig. 18. 


Interrupt 
HALT mode 


HALT op-code fetch cycle | | acknowledge cycle 


Figure 18 HALT Timing 


5.2 SLEEP Mode 
SLEEP mode is entered by execution of the 2 byte SLP instruc- 
tion. SLEEP mode has the following characteristics. 
(1) The internal CPU clock stops, reducing power consumption. 
(2) The internal crystal oscillator does not stop. 
(3) Internal and external interrupt inputs can be received. 
(4) DRAM refresh cycles stop. 
(5) I/O operations using on-chip peripherals continue. 
(6) The internal DMAC stop. 
(7) BUSREQ can be received and acknowledged. 
(8) Address outputs go HIGH and all other control signal output 
become inactive HIGH. 
(9) Data Bus, 3-state. 
SLEEP mode is exited in one of two ways as shown below. 


RESET Exit from SLEEP Mode 

If the RESET input is held LOW for at least six clock cycles, the 
HD64180 will exit SLEEP mode and begin the normal RESET se- 
quence with execution starting at address (logical and physical) 
00000H. 





Interrupt Exit from SLEEP Mode 

The SLEEP mode is exited by detection of an external (NMI, 
INT,, INT,, INT,) or internal (ASCI, CSI/O, PRT) interrupt. 

In the case of NMI, SLEEP Mode is exited and the CPU begins 
the normal NMI interrupt response sequence. 

In the case of all other interrupts, the interrupt response de- 
pends on the state of the global interrupt enable flag (IEF,) and the 
individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the corres- 
ponding enable bit, occurrence of that interrupt is ignored and the 
CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the re- 
sponse to that interrupt depends on the global interrupt enable flag 
(IEF,). If interrupts are globally enabled (IEF,=1) and an in- 
dividually enabled interrupt occurs, SLEEP mode is exited and the 
appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled ((EF,=0) and an individually 
enabled interrupt occurs, SLEEP mode is exited and instruction ex- 
ecution begins with the instruction following the SLP instruction. 
Note that this provides a technique for synchronization with high 
speed external events without incurring the latency imposed by an 
interrupt response sequence. 

Fig. 19 shows SLEEP timing. 
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5.3 IOSTOP Mode 

IOSTOP mode is entered by setting the IOSTP bit of the I/O 
Control Register (ICR) to 1. In this case, on-chip 1/O (ASCI, CSI/ 
O, PRT) stops operating. However, the CPU continues to operate. 
Recovery from IOSTOP mode is by clearing the IOSTP bit in ICR 
to 0. 


SLP 2nd op-code 


HD64180R 


5.4 SYSTEM STOP Mode 

SYSTEM STOP mode is the combination of SLEEP and 
IOSTOP modes. SYSTEM STOP mode is entered by setting the 
IOSTP bit in ICR to 1 followed by execution of the SLP instruction. 
In this mode, on-chip I/O and CPU stop operating, reducing power 
consumption. Recovery from SYSTEM STOP mode is the same as 
recovery from SLEEP mode, noting that internal I/O sources (dis- 
abled by IOSTOP) cannot generate a recovery interrupt. 


Op-code fetch or interrupt 


fetch cycle SLEEP mode acknowledge cycle 


Ts T1 T2 T3 


Oe te ed Mee ee ei ed? ede 3 


I 
Ao—Ais SLP 2nd op-code address 7FFFFH 
| 


Figure 19 SLEEP Timing 
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processing, the TRAP interrupt, interrupt response modes and the 
external interrupts. The detailed discussion of internal interrupt 
generation (except TRAP) is presented in the appropriate hardware 
section (i.e. PRT, DMAC, ASCI and CSI/O). 


6 INTERRUPTS 

The HD64180 CPU has twelve interrupt sources, four external 
and eight internal, with fixed priority. 

This section explains the CPU registers associated with interrupt 





Interrupt 


TRAP (Undefined Op-code Trap) 
NMI (Non Maskable Interrupt) 
INTo (Maskable Interrupt Level 0) 
INT; (Maskable Interrupt Level 1) 
INT2 (Maskable Interrupt Level 2) 
Timer O 

Timer 1 

DMA channel O 

DMA channel 1 

Clocked Serial 1/O Port 
Asynchronous SCI channel O 
Asynchronous SCI channel 1 







Higher 
Priority 


ere .. Internal Interrupt 


External Interrupt 


OMAN OOP WH — 


Internal Interrupt 


Lower 
Priority ' 


Figure 20 Interrupt Sources 


6.1 Interrupt Control Registers and Flags 
The HD64180 contains three registers and two flags which are 
associated with interrupt processing. 


Register and 


Flag Name 
Contains upper 8-bit LD A, land 
| of interrupt vector LD I, Ainstructions 
IL Contains lower 8-bit \/O instruction 
of interrupt vector (addr = 33H) 
1/0 instruction 
ITC interrupt/Trap control (addr = 34H) 
: El, DI, 
IEF ,, IEF, Enable/disable LD A, |, and 


interrupt 





LD A, R instructions 


(1) Interrupt Vector Register (I) 

Mode 2 for INT, external interrupt, INT, and INT, external in- 
terrupts and all internal interrupts (except TRAP) use a program- 
mable vectored technique to determine the address at which inter- 
rupt processing starts. In response to the interrupt a 16-bit address 
is generated. This address accesses a vector table in memory to ob- 
tain the address at which execution restarts. 

While the method for generation of the least significant byte of 
the table address differs, all vectored interrupts use the contents of I 
as the most significant byte of the table address. By programming 
the contents of I, vector tables can be relocated on 256 bytes bound- 
aries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, Iand LD], A instruc- 
tions rather than I/O (IN, OUT) instructions. 

I is initialized to OOH during RESET. 


(2) Interrupt Vector Low Register (IL) 
Interrupt Vector Low Register (IL : I/O Address = 33H) 


bit 7 6 __§ 4 3 2 1 10) 
R/W R/W R/W 


Programmable Interrupt Source Dependent Code 


This register determines the most significant three bits of the 
low-order byte of the interrupt vector table address for external in- 
terrupts INT, and INT, and all internal interrupts (except TRAP). 
The five icast sienificant bits are fixed for each specific interrupt 
source. By programming IL the vector table can be relocated on 32 
bytes boundaries. 

IL is initialized to OOH during RESET. 


(3) INT/TRAP Control Register (ITC) 
INT/TRAP Control Register (ITC : /O Address = 34H) 


bit 7 6 5 4 3 2 1 0 
[rear | wo | = | = | ~ ore | rer | ro 
R/W R RW =OR/W_—sérR/W 
ITC is used to handle TRAP interrupts ar and to enable or disable 
the external maskable interrupt inputs INT,, INT,, and INT,. 





TRAP (bit 7) 

This bit is set to 1 when an undefined op-code is fetched. TRAP 
can be reset under program control by writing it with 0, however it 
cannot be written with 1 under program control. TRAP is cleared to 
0 during RESET. 


UFO: Undefined Fetch Object (bit 6) 

When a TRAP interrupt occurs (TRAP bit is-set to 1), the con- 
tents of UFO allow determination of the starting address of the 
undefined instruction. This is necessary since the TRAP may occur 
on either the second or third byte of the op-code. UFO allows the 
stacked PC value (stacked in response to TRAP) to be correctly ad- 
justed. If UFO = 0, the first op-code should be interpreted as the 
stacked PC—1. If UFO = 1, the first op-code address is stacked 
PC— 2. UFO is read-only. 


ITE2,1,0: Interrupt Enable 2,1,0 (bits 2-0) 

ITE2, ITE] an El] and ITEO enable and disable the external interrupt 
inputs INT,, INT,, and INT, respectively. If cleared to 0, the inter- 
rupt is masked. During RESET, ITEO is initialized to 1 while ITE1 
and ITE2 are initialized to 0. 


- Interrupt Enable Flag 1,2 (IEF,, IEF 2) 
IEF, controls the overall enabling and disabling of all internal 
and external maskable interrupts (i.e. all interrupts except NMI and 
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TRAP). 

If IEF, = 0, all maskable interrupts are disabled. IEF, can be re- 
set to 0 by the DI (Disable Interrupts) instruction and set to 1 by 
the EI (Enable Interrupts) instruction. 


The purpose of IEF, is to correctly manage the occurrence of 


NMI. During NMI, the prior interrupt reception state is saved and 
all maskable interrupts are automatically disabled (IEF, copied to 


IEF, and then IEF, cleared to 0). At the end of the NMI interrupt 
service routine, execution of the RETN (Return from Non-maska- 
ble Interrupt) will automatically restore the interrupt receiving state 
(by copying IEF, to IEF,) prior to the occurrence of NMI. 

IEF, state can be reflected in the P/V bit of the CPU Status regis- 
ter by executing LD A, I or LD A, R instructions. 

Table 2 shows the state of IEF, and IEF,. 





Table 2 State of IEF , and IEF, 


CPU Operation 








Interrupt except 
NMI and TRAP 


6.2 TRAP Interrupt 
The HD64180 generates a non-maskable (not affected by the 
state of IEF,) TRAP interrupt when an undefined op-code fetch oc- 
curs. This feature can be used to increase software reliability, imple- 
ment an ‘extended’ instruction set, or both. TRAP may occur dur- 
ing op-code fetch cycles and also if an undefined op-code is fetched 
during the interrupt acknowledge cycle for INT, when Mode 0 is 
used. 
When a TRAP interrupt occurs the HD64180 operates as fol- 
lows. 
(1) The TRAP bit in the Interrupt TRAP/Control (ITC) register is 
set to 1. 
(2) The current PC (Program Counter) value, reflecting the loca- 
tion of the undefined op-code, is saved on the stack. 
(3) The HD64180 vectors to logical address 0. Note that if logical 


aa ae Inhibits the interrupt except NMI and TRAP. 


not affected 


Ee Inhibits the interrupt except NMI and TRAP. 


not affected 


LDA, | Transfers the contents of IEF, to P/V flag. 
LDA,R Transfers the contents of IEF, to P/V flag. 






REMARKS 


Copies the contents of IEF , to IEF,. 
Returns from the NMI service routine. 


address 0000H is mapped to physical address 000O00H, the vec- 
tor is the same as for RESET. In this case, testing the TRAP bit 
in ITC will reveal whether the restart at physical address 
0OO00H was caused by RESET or TRAP. 


The state of the UFO (Undefined Fetch Object) bit in ITC 
allows TRAP manipulation software to correctly ‘adjust’ the stacked 
PC depending on whether the second or third byte of the op-code 
generated the TRAP. If UFO = 0, the starting address of the in- 
valid instruction is equal to the stacked PC— 1. If UFO = 1, the 
starting address of the invalid instruction is equal to the stacked 
PC— 2. Fig. 21 shows TRAP Timing. 

Note that Bus Release cycle, Refresh cycle, DMA cycle and 
WAIT cycle can’t be inserted just after T;p state which is inserted 
for TRAP interrupt sequence. 
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Restart from OOOOH 


Op-code 
fetch cycle 










2nd op-code 


fetch cycle PC stacking 





Undefined 





Figure 21 (a) TRAP Timing — 2nd Op-code Undefined 


Restart from OOOOH 
Op-code 
fetch cycle 






3rd._op-code 


fetch cycle Memory read cycle PC stacking 





undoing’ | 
op-code 





Figure 21 (b) TRAP Timing — 2nd Op-code Undefined 
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6.3 External Interrupts 
The HD64180 has four external hardware interrupt inputs. 
(1) NMI — Non-maskable Interrupt 
(2) INT, — Maskable Interrupt Level 0 
(3) INT, — Maskable Interrupt Level 1 
(4) INT, _— Maskable Interrupt Level 2 
NMI, INT, and INT, have fixed interrupt response modes. INT, 
has three different aghiware programmable interrupt response mod- 
es — Mode 0, Mode 1 and Mode 2. 


6.4 NMi — Non-Maskable Interrupt 
The NMI interrupt input is edge sensitive and cannot be masked 

by software. When NMI is detected, the HD64180 operates as fol- 

lows. 

(1) DMAC operation is suspended by clearing the DME (DMA 
Main Enable) bit in DCNTL. 

(2) The PC is pushed onto the stack. 

(3) The contents of IEF, are copied to IEF,. This saves the inter- 
rupt reception state that existed prior to NMI. 

(4) IEF, is cleared to 0. This disables all external and internal 
maskable interrupts (i.e. all interrupts except NMI and 
TRAP). 


— IEF 2 
— EF; 


—+(SP-1) 
— (SP-2) 


+—lEF2 


-—(SP) 
+—(SP+ 1) 





(5) Execution commences at logical address 0066H. 

The last instruction of an NMI service routine should be RETN 
(Return from Non-maskable Interrupt). This restores the stacked 
PC, allowing the interrupted program to continue. Furthermore, 
RETN causes IEF, to be copied to IEF,, restoring the interrupt re- 
ception state that existed prior to the NML 

Note that NMI, since it can be accepted during HD64180 on- 
chip DMAC operation, can be used to externally interrupt DMA 
transfer. The NMI service routine can reactivate or abort the 
DMAC operation as required by the application. 

For NMI, special care must be taken to insure that interrupt 
inputs do not ‘overrun’ the NMI service routine. Unlimited NMI 
inputs without a corresponding number of RETN instructions will 
eventually cause stack overflow. 

__ Fig. 22 shows the use of NMI and RETN while Fig. 23 details 
NMI response timing. NMI is edge sensitive and the internally 
latched NMI falling edge is held until it is sampled. If the falling 
edge of NMI is latched before the falling edge of clock state prior to 
T, or Ti in the last machine cycle, the internally latched NMI is 
sampled at the falling edge of the clock state prior to T, or Ti in the 
last machine cycle and NMI acknowledge cycle begins at the end of 
the current machine cycle. 











NMI 


Interrupt service 
program 


Figure 22 NMI Sequence 


Last MC 








Ti Te T3 Ti Ti 71 


p 


NMI acknowledge cycle 
PC is pushed onto stack 







Restart from OO66H 
Op-code fetch 















T2 T3 Ti Te T3 'Ti1 Te T3 


SSeS UE EL EEE Cer. 
NMI Wa OCt=<“<=;<“‘ a i‘CSOO ee 


Ao—Ats X Pc CX SP-1 —X_SP-2__X_O066H 


Do—D7 


| 
» 3) 


s| al 


Instruction 


ell SN cae SO ae ee ag, 
I . 


Figure 23 NMI Timing 
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6.5 INT, — Maskable Interrupt Level 0 tees ae 
___The next highest priority external interrupt after NMI is INT). 
INT, is sampled at the falling edge of the clock state prior to T; or Ti 
in the last machine cycle. If INT, is asserted LOW at the falling edge 
of the clock state prior to T, or Ti in the last machine cycle, INT, is 
accepted. The interrupt is masked if either the IEF, flag or the ITEO 
(Interrupt Enable 0) bit in ITC are cleared to 0. Note that after RE- 
SET the state is as follows. 
(1) IEF, is 0, so INT, is masked. 
(2) ITEO is 1, so INT, is enabled by execution of the EI (Enable 
Interrupts) instruction. 

The INT, interrupt is unique in that three programmable inter- 
rupt response modes are available — Mode 0, Mode 1, and Mode 2. 
The specific mode is selected with the IM 0, IM 1 and IM 2 (Set In- 
terrupt Mode) instructions. During RESET, the HD64180 is 
initialized to use Mode 0 for INT,. 





Last MC. ,INTo acknowledge cycle, 


T: Te Tw Tw Ts 





The three interrupt response modes for INT, are... 
(1) Mode 0 — Instruction fetch from data bus. 
(2) Mode 1 — Restart at logical address 0038H. 
(3) Mode 2 — Low byte vector table address fetch from data bus. 


INT) Mode 0 

During the interrupt acknowledge cycle, an instruction is fetched 
from the data bus (D,-D,) at the rising edge of T;. Often, this in- 
struction is one of the eight single byte RST (RESTART) instruc- 
tions which stack the PC and restart execution at a fixed logical ad- 
dress. However, multibyte instructions can be processed if the in- 
terrupt acknowledging device can provide a multibyte response. 
Unlike all other interrupts, the PC is not automatically stacked. 

Note that TRAP interrupt will occur if an invalid instruction is 
fetched during INT, Mode 0 interrupt acknowledge. 

Fig. 24 shows INT, Mode 0 Timing. 


RST instruction execution 


PC is pushed onto stack 


Ti Ti Ti Te 3 1 Te Ts 





RT 
ae. a aia 


RST instruction 


Do—D7 





MC: Machine Cycle 





PCH (PCL 


* Two wait states are automatically inserted. 


Figure 24 INT, Mode O Timing (RST Instruction on the Data Bus) 
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instruction followed by the RETI (Return from Interrupt) instruc- 








INT, Mode 1 

When INT, is received, the PC is stacked and instruction execu- tion, so that the interrupts are reenabled. Fig. 25 shows the use of 
tion restarts at logical address 0038H. Both IEF, and IEF, flags are INT, (Mode 1) and RETI. 
reset to 0, disabling all maskable interrupts. The interrupt service Fig. 26 shows INT, Mode | timing. 


routine should normally terminate with the EI (Enable Interrupts) 





2 
a 
° 


a 5 


fe) 
m 


RD 





main 


pem|| oo, ir cone 


—(SP-2) 


INTo (Mode 1) 


INTo Interrupt service 


(Mode 1) Te . program 
PCL —(SP) 
PCH —(SP+1) ee 
El (1 — IEF;, l€F2) 


RET] 


Figure 25 INT, Mode 1 Interrupt Sequence 


Last MC INTo acknowledge cycle Op-code fetch cycle 









PC is pushed onto stack 


Ti Te TW'Tw* Ts T1 Te Ts Ti Te Ta T1 Te Ts 


aaa KX Pc OX SP-1X__SP-2__X_0038H_) 





* Two wait states are automatically inserted. 


Figure 26 INT, Mode 1 Timing 
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INT g Mode 2 

This method determines the restart address by reading the con- 
tents of a table residing in memory. The vector table consists of up 
to 128 two-byte restart addresses stored in low byte, high byte 
order. 

The vector table address is located on 256 bytes boundaries in 
the 64k bytes logical address space as programmed in the 8-bit In- 
terrupt Vector Register (I). Fig. 27 shows the INT, Mode 2 Vector 
acquisition. 

During INT, Mode 2 acknowledge cycle, first, the low-order 8 
bits of vector is fetched from the data bus at the rising edge of T, 





16-bit Vector 
———. nn kX—S OA kk >= 


Interrupt Vector 8-bit on 
Register | Data Bus 






Vector + 1 


and CPU acquires the 16-bit vector. 

Next, the PC is stacked. Finally, the 16-bit restart address is 
fetched from the vector table and execution commences at that ad- 
dress. 

__Note that external vector acquisition is indicated by LIR and 
IOE both LOW. Two wait states (Tw) are automatically inserted for 
external vector fetch cycles. 

During RESET the Interrupt Vector Register (I) is initialized to 
00H and, if necessary, should be set to a different value prior to the 
occurrence of a INT, Mode 2 interrupt. Fig. 28 shows INT, Mode 2 
interrupt Timing. 


Memory 


High-order 8 bits 





of starting address 
256 Bytes 
Low-order 8 bits geal 
Vector ; 
of starting address Table 


Figure 27 INT, Mode 2 Vector Acquisition 
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OP-code 
fetch cycle 


Interrupt manipulation 


cycle 





T1 To TWTw'Ts Ti Ti Te T3 T1 T2 T3 Ti T2 Tas T1 Te T3 T1 Te Ts 


Starting address 


KPC CX SP-1_X_SP-2_X Vector XVvector+ 1X 


lOE Tf 
ee ot heel a 


Lower vector 


Starting address Starting address 
(lower address) (upper address) 


Do—Dr C > C PCH ><_ PCL >—<__>—~<_)>-—-<_D 
sT  —— [_——------ — 


* Two wait states are automatically inserted. 


Figure 28 INT, Mode 2 Timing 


6.6 INT;, INT. 

The operation_of external interrupts INT, and INT, i is a vector 
mode similar to INT, Mode 2. The difference i is that INT, and INT, 
generate the low-order byte of vector table address using the IL (In- 
terrupt Vector Low) register rather than fetching it from the data 
bus. This is also the interrupt response sequence used for all inter- 
nal interrupts (except TRAP). 

As shown in Fig. 29 the low-order byte of vector table address is 
comprised of the most significant three bits of the software pro- 
grammable IL register and the least significant five bits which are a 
unique fixed value for each interrupt (INT,, INT, and internal) 
source. 


INT, and INT, are globally masked by IEF, = 0. Each is also in- 
dividually maskable by respectively clearing the ITE] and ITE2 
(bits 1, 2) of the INT/TRAP control register to 0. 

During RESET, IEF,, ITE] and ITE2 bits are initialized to 0. 


6.7 Internal Interrupts 

Internal interrupts (except TRAP) use the same vectored re- 
sponse mode as INT, and INT, (Fig. 29). Internal interrupts are 
globally masked by IEF, = 0. Individual internal interrupts are 
enabled/disabled by programming each individual I/O (PRT, 
DMAC, CSI/O, ASCD control register. The lower vector of INT,, 
INT,, and internal interrupt are summarized in Table 3. 
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Memory 


16-bit Vector 








High-order 8 bits 
of starting address 


IL Fixed Code 
(5 bits) 
32 Bytes 
Low-order 8 bits Vector 
of starting address table 


| Vector + 1 
Vector 


Figure 29 INT,, INT, and Internal Interrupts Vector Acquisition 





Table 3 Interrupt Source and Lower Vector 


- Fixed Code 
Interrupt Source Priority 


Highest 
















INT, 
POINT, 
PRT channel O 


PRT channel 1 


DMA channel O 


DMA channel 1 


| CSI/O 
~ ASClI channel O 
ASCl channel 1 


* Programmable 















Lowest 
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Interrupt Acknowledge Cycle Timing 
Fig. 30 shows interrupt acknowledge cycle timing for internal in- 
terrupts, INT,, and INT,. INT, and INT, are sampled at the falling 





NT:, INT2, intemal interrupt acknowledge cycle 





PC Stacking 





Last MC — 
Ti To Tw* Tw* Ts) !Ti 
ry 
INT, INT2 | fo 
Ao—Are od 
le te pe a eel 
TR 


MC: Machine Cycle. 
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edge of clock state prior to T, or Ti in the last machine cycle. If INT, 
or INT, is asserted LOW at the falling edge of clock state prior to T, 
or Ti in the last machine cycle, the interrupt request is accepted. 


Op-code 
fetch cycle 








Vector Table Read 


To Ts 'T1 Teo Ts 


Starting 
address 


Starting address (L) Starting address (H) 


* Two wait states are automatically inserted. 


Figure 30 INT,, INT, and Internal interrupts Timing 


6.8 Interrupt Sources and Reset 


(1) Interrupt Vector Register (I) 


All bits are reset to 0. 
Since I = 0 locates the vector tables starting at logical address 


0000H, vectored interrupts (INT, Mode 2, INT,, INT, and internal 
interrupts) will overlap with fixed restart interrupts like RESET (0), 
NMI (0066H), INT, Mode 1 (0038H) and RST (QO00H - 0038H). 
The vector table(s) can be built elsewhere in memory and located 
on 256 bytes boundaries by reprogramming I with the LD ], A in- 
struction. 





(2) iL Register 

Bits 7 — 5 are reset to 0. 
___The IL Register can be programmed to locate the vector table for 
INT,, INT, and internal interrupts on 32 bytes sub-boundaries 
within the 256 bytes area specified by I. 


(3) IEF,, JEF2 Flags 
Reset to 0. 
Interrupts other than NMI and TRAP are disabled. 





(4) ITC Register 

ITEO are set to 1. ITE] and ITE2 are reset to 0. 

INT, can_be enabled by the EI instruction, which sets IEF, = 1. 
To enable INT, and INT, also requires that the ITE] and ITE2 bits 
be respectively set = 1 by writing to ITC. 








(5) I/O Control Registers 

Interrupt enable bits reset to 0. 

All HD64180 on-chip I/O (PRT, DMAC, CSI/O, ASCI) inter- 
rupts are disabled and can be individually enabled by writing to each 
I/O control register interrupt enable bit. 


6.9 Difference between INT, interrupt and the other inter- 
rupts (INT,, INT, and internal interrupts) in the interrupt 
acknowledge cycles 

As shown in Fig. 24, Fig. 26, Fig. 28 and Fig. 30, the interrupt 
acknowledge cycle of INT, is different from those of the other inter- 
rupts, that is, INT,, INT, and internal interrupts concerning the 
state of control signals. The state of the control signals in each inter- 

rupt acknowledge cycle are shown below. a 

INT, interrupt acknowledge cycle: LIR = 0, IOE = 0, ST = 0 

INT,, INT,, and internal interrupt acknowledge cycle: LIR = 1, 

IOE = 1,ST=0 
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7 MEMORY MANAGEMENT UNIT (MMU) 

The HD64180 contains an on-chip MMU which performs the 
translation of the CPU 64k bytes (16-bit addresses- 0000H to 
FFFFH) logical memory address space into a 512k bytes (19-bit ad- 
dresses- 00000H to 7FFFFH) physical memory address space. Ad- 
dress translation occurs internally in parallel with other CPU opera- 


tion. 


Common Area 1 


Bank Area 





Common Area O 














7.1 Logical Address Spaces 

The 64k bytes CPU logical address space is interpreted by the 
MMU as consisting of up to three separate logical address areas, 
Common Area 0, Bank Area and Common Area 1. 

As shown in Fig. 31 a variety of logical memory configurations 
are possible. The boundaries between the Common and Bank 
Areas can be programmed with 4k bytes resolution. 


Common Area 1 





Figure 31 Logical Address Mapping Examples 


7.2 Logical to Physical Address Translation 

Fig. 32 shows an example in which the three logical address 
space portions are mapped into a 512k bytes physical address space. 
The important points to note are that Common and Bank Areas can 


FFFFH 





Logical Address Space 






OOOOH 
xyz 





overlap and that Common Area | and Bank Area can be freely relo- 
cated (on 4k bytes physical address boundaries). Common Area 0 


(if it exists) is always based at physical address 00000H. 


7FFFFH 


00000H 
Physical Address Space 


Figure 32 Logical —* Physical Memory Mapping Example 
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7.3 MMU Block Diagram 
The MMU block diagram is shown in Fig. 33. The MMU trans- 
lates internal 16-bit logical addresses to external 19-bit physical ad- 


dresses. 





Register; CBAR (8) 





| Internal Address/Data Bus 


MMU Common/Bank Area - 7 MMU Common Base 


Memory 
anagement Unit 
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MMU Bank Base 
Register; BBR (7) 






LA: Logical Address 
PA: Physical Address 


Figure 33 MMU Block Diagram 


Whether address translation takes place depends on the type of 
CPU cycle as follows. 
(1) Memory Cycles 

Address Translation occurs for all memory access cycles includ- 
ing instruction and operand fetches, memory data reads and writes, 
hardware interrupt vector fetch and software interrupt restarts. 


LAis 


“000” 


PAis PAise PAis 


(2) I/O Cycles 

The MMU is logically bypassed for I/O cycles. The 16-bit logical 
I/O address space corresponds directly with the 16-bit physical I/O 
address space. The upper three bits (A,,-A,,) of the physical ad- 
dress are always 0 during I/O cycles. 


LAo | 
Logical Address 


PAo 
Physical Address 


Figure 34 I/O Address Translation 


(3) DMA Cycles | 
When the HD64180 on-chip DMAC is using the external bus, 


the MMU is physically bypassed. The 19-bit source and destination 


registers in the DMAC are directly output on the physical address 
bus (Ay-Aj,)- 
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7.4 MMU Registers 

Three MMU registers are used to program a specific configura- 
tion of logical and physical memory. 

(1) MMU Common/Bank Area Register (CBAR) 
(2) MMU Common Base Register (CBR) 
(3) MMU Bank Base Register (BBR) 

CBAR is used to define the logical memory organization, while 
CBR and BBR are used to relocate logical areas within the 512k 
bytes physical address space. The resolution for both setting bound- 
aries within the logical space and relocation within the physical 


1 2 


iCommon Area 1 


Common Area 1 


Bank Area 
Bank Area 





space is 4k bytes. 

The CAR field of CBAR determines the start address of Com- 
mon Area 1 (Upper Common) and by default, the end address of 
the Bank Area. The BAR field determines the start address of the 
Bank Area and by default, the end address of Common Area 0 
(Lower Common). 

The CA and BA fields of CBAR may be freely programmed sub- 
ject only to the restriction that CA may never be less than BA. Fig. 
35 and Fig. 36 shows example of logical memory organizations as- 
sociated with different values of CA and BA. 


3 4 


Common Area 1 


Common Area 1 


Common Area O| 


Common Area 1 
Lower limit address 


Common Area 1 
Lower limit address 


> > 
Bank Area Bank Area 
Lower limit address | Lower limit address 
> = 
OOOOH OOOOH 


Common Area 1 
Lower limit address 


Common Area 1 
Lower limit address 


(RESET condition) 


Bank Area Bank Area 
Lower limit address Lower limit address 
> = 
OOOOH OOOOH 


Figure 35 Logical Memory Organization 


MMU Common/Bank Area Register 


, DOOOH 
W]tOjt} 0 ——Creey 


D7 De Ds Da, 


MMU Common/Bank Area Register 


4000H 
OOO) Ae Serre 


D3 D2 D1 Do 


FFFFH 
Common Area 1 


Bank Area 


Common Area O 





OOOOH 


Figure 36 Logical Space Configuration (Example) 
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7.5 MMU Register Description 


(1) MMU Common/Bank Area Register (CBAR) 

CBAR specifies boundaries within the HD64180 64k bytes logi- 
cal address space for up to three areas, Common Area 0, Bank 
Area, and Common Area 1. 


MMU Common/Bank Area Register (CBAR : 1/O Address = 3AH) 
bit 7 


6 5 4 3 2 1 0) 
Fees ea 4 eat yeaa | oak eae aera 
R/W R/W R/W R/W R/W R/W R/W R/W 


CA3-CAO: CA (bits 7-4) 
CA specifies the start (low) address (on 4k bytes boundaries) for 
the Common Area 1. This also determines the last address of the 


Bank Area. All bits of CA are initialized to 1 during RESET. 


BA3-BAO: BA (bits 3-0) 

BA specifies the start (low) address (on 4k bytes boundaries) for 
the Bank Area. This also determines the last address of the Com- 
mon Area 0. All bits of BA are initialized to 0 during RESET. 


(2) MMU Common Base Register (CBR) 

CBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Common Area 1 accesses. All 
bits of CBR are initialized to 0 during RESET. 


MMU Common/ 4 
Bank Area 
Register 


D7—Da | 
Comparator 


MMU Common/ 4 
{| Bank Area 
Register 


D3—Do 


MMU Common Base Reg. -_ 
MMU Bank Base Reg. i. 
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MMU Common Base Register (CBR : I/O Address = 38H) 
bit 


7 6 5 4 3 2 1 .¢) 
Saar ar 
R/W R/W R/W R/AW R/W R/W R/W 


(3) MMU Bank Base Register (BBR) 

BBR specifies the base address (on 4k bytes boundaries) used to 
generate a 19-bit physical address for Bank Area accesses. All bits of 
BBR are initialized to 0 during RESET. 


MMU Bank Base Register (BBR : 1/O Address = 39H) 
bit 


7 6 5 4 3 2 1 0) 
| | coo | cos | oo | ono | one | oor | co | 
R/W R/W R/W RWW R/W R/W R/W 


7.6 Physical Address Translation 

Fig. 37 shows the way in which physical addresses are generated 
based on the contents of CBAR, CBR and BBR. MMU compara- 
tors classify an access by logical area as defined by CBAR. Depend- 
ing on which of the three potential logical areas (Common Area 1, 
Bank Area or Common Area 0) is being accessed, the appropriate 
7-bit base address is added to the upper 4 bits of the logical address, 
yielding a 19-bit physical address. CBR is associated with Common 
Area 1 accesses. Common Area 0 accesses use a (non-accessible, 
internal) base register which contains 0. Thus, Common Area 0, if 
defined, is always based at physical address 00000H. 


Logical 
Address 
(64k) 


Oo 
) Physical 
(512k) 


Figure 37 Physical Address Generation 
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7.7 MMU and RESET 

During RESET, all bits of the CA field of CBAR are set to 1 
while all bits of the BA field of CBAR, CBR, and BBR are cleared to 
0. The logical 64k bytes address space corresponds directly with the 
first 64k bytes (O000H to FFFFH) of the 512k bytes (00000H to 
7FFFFH) physical address space. Thus, after RESET, the 
HD64180 will begin execution at logical and physical address 0. 


7.8 MMU Register Access Timing 

When data is written into CBAR, CBR, or BBR, the value will 
be effective from the cycle immediately following the I/O write cycle 
which updates these registers. 

Care must be taken during MMU programming to insure that 
CPU program execution is not disrupted. Observe that the next cy- 
Cle following MMU register programming will normally be an op- 
code fetch from the newly translated address. One simple technique 
is to localize all MMU programming routines in a Common Area 
that is always enabled. 


MCi 


R 


efresh cycle 


8 DYNAMIC RAM REFRESH CONTROL | 

The HD64180 incorporates a dynamic RAM refresh control cir- 
cuit including 8-bit refresh address generation and programmable 
refresh timing. This circuit generates asynchronous refresh cycles 
inserted at the programmable interval independent of CPU pro- 
gram execution. For systems which don’t use dynamic RAM, the 
refresh function can be disabled. 

When the internal refresh controller determines that a refresh 
cycle should occur, the current instruction is interrupted at the first 
breakpoint between machine cycles. The refresh cycle is inserted by 
placing the refresh address on A,-A, and the REF output is driven 
LOW. 

Refresh cycles may be programmed to be either two or three 
clock cycles in duration by programming the REFW (Refresh Wait) 
bit in Refresh Control Register (RCR). Note that the external 
WAIT input and the internal wait state generator are not effective 
during refresh. 

Fig. 38 shows the timing of a refresh cycle with a refresh wait 
(Tpw) cycle. 


MCi-+ 1 


MCL Sah erie MOH 


Tri 


Trw" Tro 


Refresh signal / \ 


(Internal signal) 


Refresh address _ 








NOTE: 


* If three refresh cycles are specified, Tpw, is inserted. 
Otherwise, Trw is not inserted. 


MC: Machine Cycle 


Figure 38 Refresh Timing 


8.1 Refresh Control Register (RCR) 
RCR specifies the interval and length of refresh cycles, as well as 
enabling or disabling the refresh function. 


Refresh Control Register (RCR: I/O Address = 36H) 
bit 7 6 _5 4 3 2 1 0 
[rere [row | - | - | - | - | ever | creo 
R/W R/W R/W R/W 


REFE: Refresh Enable (bit 7) 
REFE = 0 disables the refresh controller while REFE = 1 ena- 
bles refresh cycle insertion. REFE is set to 1 during RESET. | 


REFW: Refresh Wait (bit 6) 


REFW = O causes the refresh cycle to be two clocks in duration. 
REFW = 1 causes the refresh cycle to be three clocks in duration 
by adding a refresh wait cycle (Tpw). REFW is set to 1 during RE- 
SET. 


CYC1, 0: Cycle Interval (bits 1-0) 

CYC1 and CYCO specify the interval (in dock cycles) between 
refresh cycles. 

In the case of dynamic RAMs requiring 128 refresh cycles every 
2 ms (or 256 cycles every 4 ms), the required refresh interval is less 
than or equal to 15.625 ws. Thus, the underlined values indicate the 
best refresh interval depending on CPU clock frequency. CYCO and 
CYC1 are cleared to 0 during RESET. 
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Table 4 Refresh Interval 








interval 




















* calculated interval 


8.2 Refresh control and reset 

After RESET, based on the initialized value of RCR, refresh cy- 
cles will occur with an interval of 10 clock cycles and be 3 clock cy- 
cles in duration. 


8.3 Dynamic RAM refresh operation notes 

(1) Refresh cycle insertion is stopped when the CPU is in the fol- 
lowing states. 

(a) During RESET 

(b) When the bus is released in response to BUSREQ 
(c) During SLEEP mode 

(d) During WAIT states 

(2) Refresh cycles are suppressed when the bus is released in re- 
sponse to BUSREQ. However, the refresh timer continues to 
operate. Thus, the time at which the first refresh cycle occurs 
after the HD64180 re-acquires the bus depends on the refresh 
timer, and has no timing relationship with the bus exchange. 

(3) Refresh cycles are suppressed during SLEEP mode. Ifa refresh 
cycle is requested during SLEEP mode, the refresh cycle re- 
quest is internally ‘latched’ (until replaced with the next re- 
fresh request). The ‘latched’ refresh cycle is inserted at the end 
of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will 
occur depending on the refresh time, and has no timing rela- 
tionship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 
for each successful refresh cycle, not for each refresh request. 
Thus, independent of the number of ‘missed’ refresh requests, 
each refresh bus cycle will use a refresh address incremented 
by 1 from that of the previous refresh bus cycles. 


T1 Te Tw 
d 


{ 
\ 
| 
| 
| 


WAIT 


Peiomne | eMie | 6MH2 | 4wHe | 26M 


10 states (1.0 us)* (1.25 ws)* 
20 states (2.0 us)* (2.5 ws)* 
40 states (4.0 us)* (5.0 ws)* 
80 states (8.0 ws)* (10.0 ys)* 













9 WAIT STATE GENERATOR 
9.1 Wait State Timing 

To ease interfacing with slow memory and I/O devices, the 
HD64180 uses wait states (Tw) to extend bus cycle timing. A wait 
state(s) is inserted based on the combined (logical OR) state of the 
external WAIT input and an internal programmable wait state (Tw) 
generator. Wait states (Tw) can be inserted in both CPU execution 
and DMA transfer cycles. 


9.2 WAIT Input 

When the external WAIT input is asserted LOW, wait state 
(Tw) are inserted between T, and T, to extend the bus cycle dura- 
tion. The WAIT input is sampled at the falling edge of the system 
clock in T, or Tw. If the WAIT input is asserted LOW at the falling 
edge of the system clock in Tw, another Tw is inserted into the bus 
cycle. Note that WAIT input transitions must meet specified set-up 
and hold times. This can easily be accomplished by externally syn- 
chronizing WAIT input transitions with the rising edge of the sys- 
tem clock. 

Dynamic RAM refresh is not performed during wait states (Tw) 
and thus systems designs which uses the automatic refresh function 
must consider the affects of the occurrence and duration of wait 
states (Tw). 

Fig. 39 shows WAIT timing. 











TW T3 Ti 
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Figure 39 WAIT Timing 
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9.3 Programmable Wait State Insertion 

In addition to the WAIT input, wait states (Tw) can also be pro- 
grammably inserted using the HD64180 on-chip wait state gener- 
ator. Wait state (Tw) timing applies for both CPU execution and 
on-chip DMAC cycles. 

By programming the 4 significant bits of the DMA/WAIT Con- 
trol Register (DCNTL), the number of wait states (Tw) automat- 
ically inserted in memory and I/O cycles can be separately specified. 
Bits 4-5 specify the number of wait states (Tw) inserted for I/O ac- 


cess and bits 6-7 specify the number of wait states (Tw) inserted for 
memory access. 


DMA/WAIT Control Register 
(DCNTL : /O Address = 32H) 
bit 7 6 5 4 


RW RW RW RW 


The number of wait states (Tw) inserted in a specific cycle is the 
maximum of the number requested by the WAIT input, and the 






















For external !/O 
registers accesses 


For internal I/O 
registers accesses 





The number of wait states 


For INT, interrupt 
| acknowledge cy- 
cles when LIR is 

LOW 


Ty Cae ea 
wow) 





number automatically generated by the on-chip wait state gener- 
ator. 


MWI1, MWI0: Memory Wait Insertion (bits 7-6) 

For CPU and DMAC cycles which access memory (including 
memory mapped I/O), 0 to 3 wait states may be automatically in- 
serted depending on the programmed value in MWI1 and MWIO. 


[mwit[_wwio [The numberof waitsttes | 
ia ae ae aS 
ae 
a 
Se Se 






IWI1, IWI0: I/O Wait Insertion (bits 5-4) 





For CPU and DMA cycles which access external I/O (and inter- 
rupt acknowledge cycles), 1 to 6 wait states (Tw) may be automat- 


ically inserted depending on the programmed value in IWI1 and 
IWwI0. 





















For NMI interrupt 
acknowledge cy- 
cles when LIR is 
LOW 

(Note (2)) 


For INT, INT, and 
internal interrupts 
acknowledge cy- 
cles 

(Note (2)) 














NOTE: (1) For HD64180 internal I/O register access (I/O addresses OOOOH-O03FH), IWI1 and IWI0 do not determine wait state (Tw) timing. For ASCi, CSI/ 
O and PRT Data Register accesses, 0 to 4 wait states (Tw) will be generated. Wait states inserted during access to these registers is a function 


of internal synchronization requirements and CPU state. 


All other on-chip I/O register accesses (i.e. MMU, DMAC, ASCI Control Registers, etc.) have O wait states inserted and thus require only three 


clock cycles. 


(2) For interrupt acknowledge cycles in which LIR is HIGH, such as interrupt vector table read and PC stacking cycle, memory access timing applies. 


9.4 WAIT Input and RESET 

During RESET, MWI1, MWIO, [WII] and IWI0 are all set to 1, 
selecting the maximum number of wait states (Tw) (3 for memory 
accesses, 4 for external I/O accesses). 


Also, note that the WAIT input is ignored during RESET. For 





example, if RESET is detected while the HD64180 is in a wait state 
(Tw), the wait stated cycle in progress will be aborted, and the RE- 
SET sequence initiated. Thus, RESET has higher priority than 
WAIT. 
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10 DMA CONTROLLER (DMAC) 

The HD64180 contains a two channel DMA (Direct Memory 
Access) controller which supports high speed data transfer. Both 
channels (channel 0 and channel 1) have the following capabilities. 


Memory Address Space 

Memory source and destination addresses can be directly speci- 
fied anywhere within the 512k bytes physical address space using 
19-bit source and destination memory addresses. In addition, 
memory transfers can arbitrarily cross 64k bytes physical address 
boundaries without CPU intervention. 


I/O Address Space 

I/O source and destination addresses can be directly specified 
anywhere within the 64k bytes I/O address space (16-bit source and 
destination I/O addresses). 


Transfer Length 
Up to 64k bytes can be transferred based on a 16-bit byte count 
register. 


DREQ Input 
Level and edge sense DREQ input detection are selectable. 


TEND Output 
Used to indicate DMA completion to external devices. 


Transfer Rate 

Each byte transfer can occur every six clock cycles. Wait states 
can be inserted in DMA cycles for slow memory or I/O devices. At 
the system clock (¢) = 6 MHz, the DMA transfer rate is as high as 
1.0 megabytes/second (no wait states). 

Additional feature disk for DMA interrupt request by DMA 
END. 

Each channel has the following additional specific capabilities. 


HD64180R 


Channel 0 

- Memory <> memory, memory <—~> I/O, memory <—~> 
memory mapped I/O transfers 

- Memory address increment, decrement, no-change 

- Burst or cycle steal memory <——> memory transfers 

- DMA to and from both ASCI channels 

- Higher priority than DMAC channel 1 


Channel 1 
- Memory <——~> I/O transfer 
- Memory address increment, decrement 


DMAC Registers 
Each channel of the DMAC (channel 0, 1) has three registers 
specifically associated with that channel. 


Channel 0 
SARO — Source Address Register 
DARO — Destination Address Register 
BCRO — Byte Count Register 
Channel 1] 
MARI — Memory Address Register 
IARI] — I/O Address Register 
BCR1 — Byte Count Register 


The two channels share the following three additional registers 
in common. 
DSTAT — DMA Status Register 
DMODE — DMA Moce Register 
DCNTL — DMA Control Register 


10.1 DMAC Biock Diagram 
Fig. 40 shows the HD64180 DMAC Block Diagram. 
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Figure 40 DMAC Block Diagram 
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10.2 DMAC Register Description 


(1) DMA Source Address Register Channel 0 (SARO: I/O Ad- 


dress = 20H to 22H) . 

Specifies the physical source address for channel 0 transfers. The 
register contains 19 bits and may specify up to 512k bytes memory 
addresses or up to 64k bytes I/O addresses. Channel 0 source can 
be memory, I/O or memory mapped I/O. 


(2) DMA Destination Address Register Channel 0 (DARO: I/O 
Address = 23H to 25H) 

Specifies the physical destination address for channel 0 transfers. 
The register contains 19 bits and may specify up to 512k bytes 
memory addresses or up to 64k bytes I/O addresses. Channel 0 de- 
stination can be memory, I/O or memory mapped I/O. 


(3) DMA Byte Count Register Channel 0 (BCRO: I/O Address 
= 26H to 27H) 

Specifies the number of bytes to be transferred. This register 
contains 16 bits and may specify up to 64k bytes transfers. When 
one byte is transferred, the register is decremented by one. If ‘‘n”’ 
bytes should be transferred, ‘‘n’? must be stored before the DMA 
operation. 


(4) DMA Memory Address Register Channel 1 (MAR1: 1/O 
Address = 28H to 2AH) 
Specifies the physical memory address for channel 1 transfers. 
This may be destination or source memory address. 
This register contains 19 bits and may specify up to 512k bytes 
memory addresses. 


(5) DMA I/O Address Register Channel 1 (IAR1: I/O Address 
= 2BH to 2CH) 
Specifies the I/O address for channel 1 transfers. This may be 
destination or source I/O address. This register contains 16 bits and 
may specify up to 64k bytes I/O addresses. 


(6) DMA Byte Count Register Channel 1 (BCR1: I/O Address 
= 2EH to 2FH) 
Specifies the number of bytes to be transferred. This register 


contains 16 bits and may specify up to 64k bytes transfers. When ° 


one byte is transferred, the register is decremented by one. 


(7) DMA Status Register (DSTAT) 

DSTAT is used to enable and disable DMA transfer and DMA 
termination interrupts. DSTAT also allows determining the status 
of a DMA transfer i.e. completed or in progress. 


DMA Status Register (DSTAT : I/O Address = 30H) 
bit 7 6 5 4 3 2 cel 
RW OR/W Ww Ww R/W R/W R 
DE1: DMA Enable Channel 1 (bit 7) 

When DE] = 1 and DME = 1, channel 1 DMA is enabled. 
When a DMA transfer terminates (BCR1 = 0), DE] is reset to 0 
by the DMAC. When DE1 = 0 and the DMA interrupt is enabled 
(DIE1 = 1), a DMA interrupt request is made to the CPU. 

To perform a software write to DE1, DWE1 should be written 
with 0 during the same register write access. Writing DE] to 0 disa- 
bles channel 1 DMA, but DMA is restartable. Writing DE] to 1 


enables channel 1 DMA and automatically sets DME (DMA Main 
Enable) to 1. DE] is cleared to 0 during RESET. 


DEO: DMA Enable Channel 0 (bit 6) 

When DEO = 1 and DME = 1, channel 0 DMA is enabled. 
When a DMA transfer terminates (BCRO = 0), DEO is cleared to 0 
by the DMAC. When DEO = 0 and the DMA interrupt is enabled 


(DIEO = 1), a DMA interrupt request is made to the CPU. 

To perform a software write to DEO, DWEO should be written 
with 0 during the same register write access. Writing DEO to 0 disa- 
bles channel 0 DMA. Writing DEO to 1 enables channel 0 DMA 
and automatically setts DME (DMA Main Enable) to 1. DEO is 
cleared to 0 during RESET. 


DWE!1: DE1 Bit Write Enable (bit 5) 

When performing any software write to DE], DWEI should be 
written with 0 during the same access. DWE1 write value of 0 is not 
held and DWE1 is always read as 1. 





DWEO: DEO Bit Write Enable (bit 4) 

When performing any software write to DEO, DWEO should be 
written with 0 during the same access. DWEO write value of 0 is not 
held and DWE is always read as 1 





DIE1: DMA interrupt Enable Channel! 1 (bit 3) 

When DIE1 is set to 1, the termination of channel 1 DMA trans- 
fer (indicated when DE1 = 0) causes a CPU interrupt request to be 
generated. When DIE1 = 0, the channel 1 DMA termination inter- 
rupt is disabled. DIE] is cleared to 0 during RESET. 


DIEO: DMA Interrupt Enable Channel 0 (bit 2) 

When DIE0 is set to 1, the termination channel 0 of DMA trans- 
fer (indicated when DEO = 0) causes a CPU interrupt request to be 
generated. When DIEO = 0, the channel 0 DMA termination inter- 
rupt is disabled. DIEO is cleared to 0 during RESET. 


DME: DMA Main Enable (bit 0) 

A DMA operation is only enabled when its DE bit (DEO for 
channel 0, DEI for channel 1) and the DME bit are set to 1. 

When NMI occurs, DME is reset to 0, thus disabling DMA ac- 
tivity during the NMI interrupt service routine. To restart DMA, 
DEO and/or DE] should be written with 1 (even if the contents are 
already 1). This automatically sets DME to 1, allowing DMA opera- 
tions to continue. Note that DME cannot be directly written. It is 
cleared to 0 by NMI or indirectly set to 1 by setting DEO and/or 
DEI to 1. DME is cleared to 0 during RESET. 


(8) DMA Mode Register (DMODE) 
DMODE is used to set the addressing and transfer mode for 
channel 0. 


DMA Mode oo eaaee : /O Address = = 


R/W R/AW 


DM1, DMO: Destination Mode Channel 0 (bits 5, 4) 

Specifies whether the destination for channel 0 transfers is 
memory, I/O or memory mapped I/O and the corresponding ad- 
dress modifier. DM1 and DMO are cleared to 0 during RESET. 


Table 5 Destination 


Address 
Jom owo. Memory//O = Decrement 


Memory 
Memory 
Memory 
1/0 
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SM1, SMO: Source Mode Channel! 0 (bits 3, 2) 


Specifies whether the source for channel 0 transfers is memory, 
I/O or memory mapped I/O and the corresponding address 
modifier. SM1 and SMO are cleared to 0 during RESET. 

Table 7 shows all DMA transfer mode combinations of DMO, 
DM1, SMO, SMI. Since I/O <—-~> ]/O transfers are not imple- 


mented, twelve combinations are available. 





Table 6 Source 


Memory 
Memory 
Memory 
1/0 


Table 7 Combination of Transfer Mode 


DMO SM1 SMO 


7) 
Oo Oo 
© 


0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


= = Odo 00/7 2-00 + = 


Memory—Memory 
Memory—Memory 
Memory*—~Memory 
\/O—Memory 
Memory—Memory 
Memory—Memory 
Memory*—*Memory 
\/O—Memory 
Memory—Memory* 
Memory—Memory”* 
reserved 
reserved 
Memory—1!/O 
Memory—l/O 
reserved 
reserved 


Transfer Mode OGIESS 
Increment/Decrement 


SARO+ 1, DARO+ 1 
SARO— 1, DARO+ 1 
SARO fixed, DARO+ 1 
SARO fixed, DARO+ 1 
SARO+ 1, DARO— 1 
SARO— 1, DARO— 1 
SARO fixed, DARO— 1 
SARO fixed, DARO— 1 
SARO-+ 1, DARO fixed 
SARO-— 1, DARO fixed 


SARO+ 1, DARO fixed 
SARO— 1, DARO fixed 





Address 
M 
emory/I/O Increment/Decrement 
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* : includes memory mapped I/O 


MMOD: Memory Mode Channel 0 (bit 1) 

When channel 0 is configured for memory <—~> memory 
transfers, the external DREQ, input is not used to control the trans- 
fer timing. Instead, two automatic transfer timing modes are selec- 
table — burst (MMOD = 1) and cycle steal (MMOD = 0). For 
burst memory <—-> memory transfers, the DMAC will sieze con- 
trol of the bus continuously until the DMA transfer completes (as 
shown by the byte count register = 0). In cycle steal mode, the 
CPU is given a cycle for each DMA byte transfer cycle until the 
transfer is completed. 

For channel 0 DMA with I/O source or destination, the DREQ, 
input times the transfer and thus MMOD is ignored. MMOD is 
cleared to 0 during RESET. 


DMA/WAIT Control Register (DCNTL) 

DCNTL controls the insertion of wait states into DMAC (and 
CPU) accesses of memory or I/O. Also; the DMA request mode for 
each DREQ (DREQ, and DREQ,) input is defined as level or edge 
sense. DCNTL also sets the DMA transfer mode for channel 1, 
which is limited to memory <——> I/O transfers. 











DMA/WAIT Control Register (DCNTL : I/O Address = 32H) 
bit 


ae 6 5 4 3 2 1 0 
R/W R/W R/W R/W R/V R/W R/W R/W 


MWI1, MWI0: Memory Wait Insertion (bits 7-6) 

Specifies the number of wait states introduced into CPU or 
DMAC memory access cycles. MWI1 and MWI0 are set to 1 during 
RESET. See section of Wait State Control for details. 


iW11, IWIO: 1/0 Wait Insertion (bits 5-4) 

Specifies the number of wait states introduced into CPU or 
DMAC I/O access cycles. [WI1 and IWIO are set to 1 during RE- 
SET. See section of Wait State Control for details. 


DMS1, DMSO: DMA Request Sense (bits 3-2) 

DMS1 and DMSO specify the DMA request sense for channel 0 
(DREQ,) and channel 1 (DREQ,) respectively. When reset to 0, 
the input is level sense. When set to 1, the input is edge sense. 
DMS1 and DMSO are cleared to 0 during RESET. 








DIM1, DIMO: DMA Channel 1 I/O and Memory Mode (bits 1-0) 

Specifies the source/destination and address modifier for chan- 
nel 1 memory <—~ I/O transfer modes. IM1 and IMO are cleared 
to 0 during RESET. 


Table 8 Channel 1 Transfer Mode 


Jom cio | Transfer Mode | 










Address 
Increment/Decrement 
















Memory—1/O MAR1+ 1, 1AR1 fixed 
Memory—1/O MAR1— 1, IAR1 fixed 
/(O—Memory | IAR1 fixed, MAR1+ 1 





1/O—-Memory iAR1 fixed, MAR1— 1 
10.3 DMA Operation 
This section discusses the three DMA operation modes for 
channel 0, memory <—> memory, memory <—~> I/O and 
memory <——> memory mapped I/O. In addition, the operation of 
channel 0 DMA with the on-chip ASCI (Asynchronous Serial 
Communication Interface) as well as Channel 1 DMA are de- 
scribed. 
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(1) Memory <—> Memory — Channel 0 poe a 

For memory <—> memory transfers, the external DREQ, 
input is not used for DMA transfer timing. Rather, the DMA oper- 
ation is timed in one of two programmable modes — burst or cycle 
steal. In both modes, the DMA operation will automatically pro- 
ceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, the DMA operation will proceed until termina- 
tion. In this case, the CPU cannot perform any program execution 


Previous 
DMA cycle 


Ti Te Ts Th Te Ts 


until the DMA operation is completed. 

In cycle steal mode, the DMA and CPU operation are alternated 
after each DMA byte transfer until the DMA is completed. The se- 
quence ... 


G CPU Machine rae 
DMA Byte Transfer 


.. is repeated until DMA is completed. Fig. 41 shows cycle steal 
mode DMA timing. 


CPU cycle DMA cycle (transfer 1 byte) CPU cycle DMA cycle 


Ti Te Tz Th Te T3 Th Te 


ae el ef ee 


LD g,m Source 


op-code address 


Destination LD g.m 


memory address . memory address operand address 


_ 
CO an A GY 
wef 


LD g.m 


‘Read data 


Write data 


Se ao ae aD ed 


Figure 41 Cycle Steal Mode DMA Timing 


To initiate memory <——> memory DMA transfer for channel 
0, perform the following operations. 
@) Load the memory source and destination addresses into SARO 
and DARO. 
Specify memory <--> memory mode and address incre- 
ment/decrement in the SM0, SM1, DMO and DM1 bits of 
DMODE. 
Load the number of bytes to transfer in BCRO. 
Specify burst or cycle steal mode in the MMOD bit of DCNTL. 
Program DEO = 1 (with DWEO = 0 in the same access) in 
DSTAT and the DMA operation will start 1 machine cycle. 
later. If interrupt occurs at the same time, the DIEO bit should 
be set to 1. 


© 


©OoOo0 


(2) Memory <—> 1/0 (Memory Mapped 1/0) — Channel 0 

For memory <—> I/O (and memory <—> memory mapped 
I/O) the DREQ, input is used to time the DMA transfers. In addi- 
tion, the TEND, (Transfer End) output is used to indicate the last 
(byte count register BCRO = 00H) transfer. 

The DREQ, input can be programmed as level or edge sensitive. 

When level sense is programmed, the DMA operation begins 
when DREQ, is sampled LOW. If DREQ, is sampled HIGH, after 
the next DMA byte transfer, control is relinquished to the 
HD64180 CPU. As shown in Fig. 42. DREQ, is sampled at the ris- 
ing edge of the clock cycle prior to T, i.e. either T, or Tw. 











DMA Write Cycle alle Machine ead DMA Read Cycle | DMA Write Cycle (I/O) | 


Tw Tw Ts Ty Te Ts T1 


T3 T1 T2 Tw Tw Ts Ti Te 


* 2 Eee ee Le ee 


ae | en 


REQo 


- 


** DREQo is sampled at |. 


Figure 42 CPU Operation and DMA Operation 
(DREQ, is programmed for level sense) 
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When edge sense is programmed, DMA operation begins at the 
falling edge of DREQ,. If another falling edge is detected before the 
rising edge of the clock prior to T, during DMA write cycle (ie. T, 
or Tw), the DMAC continues operating. If an edge is not detected, 
the CPU is given control after the current byte DMA transfer com- 





CPU machine | DMA read 


DMA write cycle cycle cycle 


Tw T3 Ti Toe 





Ts 71 Teo Ts 1° Toe 
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pletes. The CPU will continue operating until a DREQ, falling edge 
is detected before the rising edge of the clock prior to T, at which 
time the DMA operation will (re)start. Fig. 43 shows the edge sen- 
se DMA timing. 


CPU machine 


DMA write cycle cycle 


Tw Ts T1 =Te2 Ts 


oe 


** DREQo is sampled at |. 


Figure 43 CPU Operation and DMA Operation 
(DREQ,, is programmed for edge sense) 


During the transfers for channel 0, the TEND, output will go 
LOW synchronous with the write cycle of the last (BCRO = 00H) 


DMA transfer as shown in Fig. 44. 


Last DMA cycle (BCRO = OOH) 


DMA read cycle 


DMA write cycle 





TENDo \ / 


Figure 44 TEND, Output Timing 


The DREQ, and TEND, pins are programmably multiplexed 
with the CKAO and CKA1 ASCI clock input/outputs. However, 
when DMA channel 0 is programmed for memory <—-> I/O (and 
memory <—> memory mapped I/O) transfers, the CKA0/DRE- 
Q, pin automatically functions as input pin even if it has been pro- 
grammed as output pin for CKAO. And the CKA1/TEND, pin 
functions as output pin for TEND, by setting CKAID to 1 in 
CNTLAI. 

To initiate memory <—~> I/O (and memory <—> memory 
_mapped I/O) DMA transfer for channel 0, perform the following 
operations. 

@) Load the memory and I/O or memory mapped I/O source and 
destination addresses into SARO and DARO. Note that I/O ad- 
dresses (not memory mapped I/O) are limited to 16 bits (A,- 
A,,). Make sure that bits A,, and A,, are 0 (A,, is a don’t 
care) to correctly enable the external DREQ, input. 

Specify memory <——> I/O or memory <—> memory map- 
ped I/O mode and address increment/decrement in the SMO, 
SM1, DMO, and DM1 bits of DMODE. 

Load the number of bytes to transfer in BCRO. 

Specify whether DREQ, is edge or level sense by programming 
the DMSO bit of DCNTL. 

Enable or disable DMA termination interrupt with the DIEO 
bit in DSTAT. 

Program DEO = 1 (with DWEO = 0 in the same access) in 











© 


© © 60 


DSTAT and the DMA operation will begin under the control 
of the DREQ, input. 


(3) Memory <—~> ASCI — Channel 0 
Channel 0 has extra capability to support DMA transfer to and 
from the on-chip two channel ASCI. In this case the external DRE- 
Q, input is not used for DMA timing. Rather, the ASCI status bits 
are used to generate an internal DREQ,. The TDRE (Transmit 
Data Register Empty) bit and the RDRF (Receive Data Register 
Full) bit are used to generate an internal DREQ, for ASCI trans- 
mission and reception respectively. 
To initiate memory <——> ASCI DMA transfer, perform the 
following operations. 
@) Load the source and destination addresses into SARO and 
DARO. Specify the I/O (ASCI) address as follows. 
Bits A,-A, should be contain the address of the ASCI channel 
transmitter or receiver (I/O addresses 06H-09H). 
Bits A,-A,, should equal 0. 
Bits A,,-A,, should be set according to the following table to 
enable use of the appropriate ASCI status bit as an internal 
DMA request. 
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Table 9 DMA Request 


| SAR18 | SAR17 | SAR16 DMA Transfer Request _| 


DREQ, 


ea a 

ea 
ete a 

Ps ee 














RDRF (ASCI channel 1) 


X: Don't care 


DAR 1 8 | DARI 7 DARI 6 DMA Transfer Request | 


DREQ, 


as 

oe ee 
[x [1 [oe tascam) 
Tx reserves id 









X: Don't care 


@) Specify memory <——> I/O transfer mode and address incre- 
ment/decrement in the SM0, SM1, DMO and DM1 bits of 
DMODE. 

Load the number of bytes to transfer in BCRO. 

The DMA request sense mode (DMSO bit in DCNTL) MUST 
be specified as ‘edge sense’. 

Enable or disable DMA termination interrupt with the DIEO 
bit in DSTAT. 

Program DEO = 1 (with DWEO = 0 in the same access) in 
DSTAT and the DMA operation with the ASCI will begin 
under control of the ASCI generated internal DMA request. 

The ASCI receiver or transmitter being used for DMA must be 

initialized to allow the first DMA transfer to begin. 

The ASCI receiver must be ‘empty’ as shown by RDRF = 0. 
The ASCI transmitter must be ‘full’ as shown by TDRE = 0. 

Thus, the first byte should be written to the ASCI Transmit Data 

Register under program control. The remaining bytes will be trans- 

ferred using DMA. 


© © 
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(4) Channel 1 DMA 

DMAC Channel 1 can perform memory <——~> I/O transfers. 
Except for different registers and status/control bits, operation is 
exactly the same as described for channel 0 memory <—> I/O 
DMA. 

To initiate DMA channel 1 memory <—~> I/O transfer per- 
form the following operations. 
Load the memory address (19 bits) into MARI. 
Load the I/O address (16 bits) into IAR1. 
Program the source/destination and address increment/decre- 
ment mode using the DIM1 and DIMO bits in DCNTL. 
Specify whether DREQ, is level or edge sense in the DMS1 bit 


© €©0 


DE1 
DIE1 


DEO 
DIEO 





in DCNTL. 

() Enable or disable DMA termination interrupt with the DIE1 
bit in DSTAT. 

©) Program DE1 = 1 (with DWE1 = 0 in the same access) in 
DSTAT and the DMA operation with the external I/O device 
will begin using the external DREQ, input and TEND, output. 





10.4 DMA Bus Timing 

When memory (and memory mapped I/O) is specified as a 
source or destination, ME goes LOW during the memory access. 
When I/O is specified as a source or destination, IOE goes LOW 
during the I/O access. | 

When I/O (and memory mapped I/O) is specified as a source or 
destination, the DMA timing is controlled by the external DREQ 
input and the TEND output indicates DMA termination. Note that 
external I/O devices may not overlap addresses with internal I/O 
and control registers, even using DMA. 

For I/O accesses, 1 wait state is automatically inserted. Addi- 
tional wait states can be inserted by programming the on-chip wait 
state generator or using the external WAIT input. Note that for 
memory mapped I/O accesses, this automatic I/O wait state is not 
inserted. 

For memory to memory transfers (channel 0 only), the external 
DREQ, input is ignored. Automatic DMA timing is programmed as 
either burst or cycle steal. 

When a DMA memory address carry/borrow between bits A,, 
and A,, of the address bus occurs (when crossing 64k bytes bound- 
aries), the minimum bus cycle is extended to four clocks by auto- 
matic insertion of one internal Ti state. 





10.5 DMAC Channel Priority ee 
For simultaneous DREQ, and DREQ, requests, channel 0 has 
priority over channel 1. When channel 0 is performing a memory 
<—-> memory transfer, channel 1 cannot operate until the chan- 
nel 0 operation has terminated. If channel 1 is operating, channel 0 
cannot operate until channel 1 releases control of the bus. 


10.6 DMAC and BUSREQ, BUSACK 

The BUSREQ and BUSACK inputs allow another bus master to 
take control of the HD64180 bus. BUSREQ and BUSACK have 
priority over the on-chip DMAC and will suspend DMAC opera- 
tion. The DMAC releases the bus to the external bus master at the 
breakpoint of the DMAC memory or I/O access. Since a single byte 
DMAC transfer requires a read and a write cycle, it is possible for 
the DMAC to be suspended after the DMAC read, but before the 
DMAC write. Even _in this case, when the external master releases 
the HD64180 bus (BUSREQ HIGH), the on-chip DMAC will cor- 
rectly continue the suspended DMA operation. 


10.7 DMAC Internal Interrupts 
Fig. 45 illustrates the internal DMA interrupt request generation 
circuit. 


IEF 1 


DMA ch1 Interrupt 
Request 


DMA chO Interrupt 
Request 


Figure 45 DMAC Interrupt Request Circuit Diagram 
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DEO and DE] are automatically cleared to 0 by the HD64180 at 
the completion (byte count = 0) of aDMA operation for channel 0 
and channel | respectively. They remain 0 until a | is written. Since 
DEO and DE1 use level sense, an interrupt will occur if the CPU 
IEF, flag is set to 1. Therefore, the DMA termination interrupt 
service routine should disable further DMA interrupts (by pro- 
gramming the channel DIE bit = 0) before enabling CPU inter- 
rupts (i.e. IEF, is set to 1). After reloading the DMAC address and 
count registers, the DIE bit can be set to 1 to reenable the channel 
interrupt, and at the same time DMA can resume by programming 
the channel DE bit = 1. 


DMA read cycle 


HD64180R 


10.8 DMAC and NMI 

NMI, unlike all other interrupts, automatically disables DMAC 
operation by clearing the DME bit of DSTAT. Thus, the NMI inter- 
rupt service routine may respond to time critical events without 
delay due to DMAC bus usage. Also, NMI can be effectively used 
as an external DMA abort input, recognizing that both channels are 
suspended by the clearing of DME. 

If the falling edge of NMI occurs before the falling clock of the 
state prior to T, (T, or Tw) of the DMA write cycle, the DMAC will 
be suspended and the CPU will start the NMI response at the end of 
the current cycle. 

By setting a channels DE bit to 1, that channels operation can be 
restarted, and DMA will correctly resume from the point at which it 
was suspended by NMI. See Fig. 46 for details. 


DMA write cycle 


CPU machine cycle 








DME= “0” (DMA Stop) 


Figure 46 NMi and DMA Operation 


10.9 DMAC and RESET 

During RESET the bits in DSTAT, DMODE, and DCNTL are 
initialized as stated in their individual register descriptions. Any 
DMA operation in progress is stopped allowing the CPU to use the 


bus to perform the RESET sequence. However, the address register 
(SARO, DARO, MARI, IARI) and byte count register (BCRO, 
BCR]1) contents are not changed during RESET. 
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11 ASYNCHRONOUS SERIAL COMMUNICATION INTER- 
FACE (ASCIi) 

The HD64180 on-chip ASCI has two independent full duplex 
channels. Based on full programmability of the following functions, 
the ASCI can directly communicate with a wide variety of standard 
UARTs (Universal Asynchronous Receiver/Transmitter) includ- 
ing the HD6350 CMOS ACIA and the Serial Communication In- 
terface (SCI) contained on the HD6301 series CMOS single chip 
controllers. 

The key functions for ASCI are shown below. Each channel is 
independently programmable. 

* Full duplex communication 
- 7- or 8-bit data length 
- Program controlled 9th data bit for multiprocessor communica- 





tion 
- 1 or 2 stop bits 
- Odd, even, no parity 
: Parity, overrun, framing error detection 
- Programmable baud rate generator, /16 and /64 modes 
Speed to 38.4k bits per second (CPU fc = 6.144 MHz) = 
- Modem control signals — Channel 0 has DCD,, CTS, and RTS, 
Channel 1 has CTS, 
- Programmable interrupt condition enable and disable 
+ Operation with on-chip DMAC 








11.1 ASCI Block Diagram 
Fig. 47 shows the ASCI Block Diagram. 


| internal Address/Data Bus | 







ASCI Transmit Data Register 
ch O : TDRO (8) 





Interrupt Request 


ASCI Transmit Data Register 
ch 1 : TDR1 (8) 


TXAo =ASCI Transmit Shift Register* ASCI Transmit Shift Register) > TXA: 
| chO: TSRO (8) ch 1: TSR1 (8) 
ASCI Receive Data Register ASCI Receive Data Register 
ch O : RDRO (8) | ch 1: RDR1 (8) 
RXAo | aSci Receive Shift Register” gue ASCI Receive Shift Register® > RXA: 
ch O : RSRO (8) Control ch 1: RSR1 (8) 
ASCI Control Register A ASCI Control Register A 
RTSo ch O : CNTLAO (8) ch 1: CNTLA1 (8) 
C1So | ASCI Control Register B ASCI Control Register B CTS: 
| chO: CNTLBO (8) ch 1: CNTLB1 (8) 
DCDo 


ASCI Status Register 
ch O : STATO (8) 


CKAo 
CKAi 





ASCI Status Register 
ch 1: STAT1 (8) 


Baud Rate 

Generator O io) 
Baud Rate 

Generator 1 


*Not program Accessible 


Figure 47 ASCI Block Diagram 


11.2 ASCI Register Description 


(1) ASC! Transmit Shift Register 0, 1 (TSRO, 1) 

When the ASCI Transmit Shift Register receives data from the 
ASCI Transmit Data Register (TDR), the data is shifted out to the 
TXA pin. When transmission is completed, the next byte (if availa- 
ble) is automatically loaded from TDR into TSR and the next trans- 
mission starts. If no data is available for transmission, TSR idles by 
outputting a continuous HIGH level. This register is not program 
accessible. 


(2) ASCI Transmit Data Register 0, 1 (TDRO, 1: 1/O Address = 
O6H, 07H) 

Data written to the ASCI Transmit Data Register is transferred 
to the TSR as soon as TSR is empty. Data can be written to while 
TSR is shifting out the previous byte of data. Thus, the ASCI trans- 
mitter is double bufferred. 

Data can be written into and read from the ASCI Transmit Data 
Register. 

If data is read from the ASCI Transmit Data Register, the ASCI 


data transmit operation won’t be affected by this read operation. 


(3) ASCI Receive Shift Register 0, 1 (RSRO,. 1) 2 
This register receives data shifted in on the RXA pin. When full, 
data is automatically transferred to the ASCI Receive Data Register 
(RDR) if it is empty. If RSR is not empty when the next incoming 
data byte is shifted in, an overrun error occurs. This register is not 
program accessible. 


(4) ASCI Receive Data Register 0, 1 (RDRO, 1: 1/O Address = 
08H, O9H) 

When a complete incoming data byte is assembled in RSR, it is 
automatically transferred to the RDR if RDR is empty. The next in- 
coming data byte can be shifted into RSR while RDR contains the 
previous received data byte. Thus, the ASCI receiver is double 
buffered. 

The ASCI Receive Data Register is read-only-register. 

However, if RDRF = 0, data can be written into the ASCI Re- 
ceive Data Register, and the data can be read. 
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(5) ASCI Status Register 0, 1 (STATO, 1) 

Each channel status register allows interrogation of ASCI com- 
munication, error and modem control signal status as well as enab- 
ling and disabling of ASCI interrupts. 


ASCI Status Register 0 (STATO : I/O Address = 04H) 
bit 7 6 5 4 3 2 1 0 
row [ow | ve | ce | ve | vem | rom | ve | 
R R R R R/W R R R/W 
ASCI Status Register 1 (STAT1 : !/O Address = O5H) 


7 6 5 4 3 2 1 o 
R R R R RW ORM R RW 


RDRF: Receive Data Register Full (bit 7) 

RDRF is set to | when an incoming data byte is loaded into 
RDR. Note that if a framing or parity error occurs, RDRF is still set 
and the receive data (which generated the error) is still loaded into 
RDR. RDRF is cleared to 0 by reading RDR, when the DCD, input 
is HIGH, in IOSTOP mode and during RESET. 


bit 





OVRN: Overrun Error (bit 6) 

OVRN is set to 1 when RDR is full and RSR becomes full. 
OVRN is cleared to 0 when the EFR bit (Error Flag Reset) of 
CNTLA is written to 0, when DCD, is HIGH, in IOSTOP mode 
and during RESET. 





PE: Parity Error (bit 5) 


PE is set to 1 when a parity error is detected on an incoming data . 


byte and ASCI parity detection is enabled (the MOD1 bit of 
CNTLA is set to 1). PE is cleared to 0 when the EFR bit (Error Flag 
Reset) of CNTLA is written to 0, when DCD, is HIGH, in IOSTOP 
mode and during RESET. 





FE: Framing Error (bit 4) 

If a receive data byte frame is delimited by an invalid stop bit (i.e. 
0, should be 1), FE is set to 1. FE is cleared to 0 when the EFR bit 
(Error Flag Reset) of CNTLA is written to 0, when DCD, is HIGH, 
in IOSTOP mode and during RESET. 





RIE: Receive Interrupt Enable (bit 3) 

RIE should be set to 1 to enable ASCI receive interrupt requests. 
When RIE to 1, if any of the flags RDRF, OVRN, PE, FE become 
set to 1 an interrupt request is generated. For channel 0, an inter- 
rupt will also be generated by the transition of the external DCD, 
input from LOW to HIGH. RIE is cleared to 0 during RESET. 





DCD, : Data Carrier Detect (bit 2 STATO) 

Channel 0 has an external DCD, input pin. The DCD, bit is set 
to 1 when the DCD, input is HIGH. It is cleared to 0 on the first 
read of STATO following the HIGH to LOW transition of DCD, 
input and during RESET. When DCD, = 1, receiver unit is reset 
and receiver operation is inhibited. 











CTS1E: Channel 1 CTS Enable (bit 2 STAT1) 

Channel | has an external CTS, input which is multiplexed with 
the receive data pin (RXS) for the CSI/O (Clocked Serial I/O Port). 
Setting CTS1E to 1 selects the CTS, function and clearing CTSIE to 
0 selects the RXS function. 


TDRE: Transmit Data Register Empty (bit 1) 

TDRE = 1 indicates that the TDR is empty and the next trans- 
mit data byte can be written to TDR. After the byte is written to 
TDR, TDRE is cleared to 0 until the ASCI transfers the byte from 
the TDR to the TSR, at which time TDRE is again set to 1. TDRE 


HD64180R 


is set to 1 in IOSTOP mode and during RESET. When the external 
CTS input is HIGH, TDRE is reset to 0. 


TIE: Transmit Interrupt Enable (bit 0) 

TIE should be set to 1 to enable ASCI transmit interrupt re- 
quests. If TIE = 1, an interrupt will be requested when TDRE = 1. 
TIE is cleared to 0 during RESET. 


- ASCI Control Register AO, 1 (CNTLAO, 1) 

Each ASCI channel Control Register A configures the major op- 
erating modes such as receiver/transmitter enable and disable, data 
format, and multiprocessor communication mode. 


ASCI Control Register A 0 (CNTLAO : I/O Address = OOH) 


bit 7 6 5 4 3 2 1 10) 
MPBR/ 
TE RTSo EFR 
R/W R/W R/W R/W R/W R/W R/W R/W 


ASCI Control Register A 1 (CNTLA1 : I/O Address = 01H) 
7 6 5 4 3 2 1 0 
[we [re | re [eco |"Gm | woo? | woot | nooo | 
TE CKA1D EFR 
R/W R/W R/W R/W R/W R/W R/W R/AW 


MPE: Multi Processor Mode Enable (bit 7) 

The ASCI has a multiprocessor communication mode which 
utilizes an extra data bit for selective communication when a num- 
ber of processors share a common serial bus. Multiprocessor data 
format is selected when the MP bit in CNTLB is set to 1. If multi- 
processor mode is not selected (MP bit in CNTLB = 0), MPE has 
no effect. If multiprocessor mode is selected, MPE enables or disa- 
bles the ‘wake-up’ feature as follows. If MPE is set to 1, only re- 
ceived bytes in which the MPB (multiprocessor bit) = 1 can affect 
the RDRF and error flags. Effectively, other bytes (with MPB = 0) 
are ‘ignored’ by the ASCI. If MPE is reset to 0, all bytes, regardless 
of the state of the MPB data bit, affect the RDRF and error flags. 
MPE is cleared to 0 during RESET. 


bit 


RE: Receiver Enable (bit 6) 

When RE is set to 1, the ASCI receiver is enabled. When RE is 
cleared to 0, the receiver is disabled and any receive operation in 
progress is interrupted. However, the RDRF and error flags are not 
reset and the previous contents of RDRF and error flags are held. 
RE is cleared to 0 in IOSTOP mode and during RESET. 


TE: Transmitter Enable (bit 5) 

When TE is set to 1, the ASCI transmitter is enabled. When TE 
is cleared to 0, the transmitter is disabled and any transmit opera- 
tion in progress is interrupted. However, the TDRE flag is not reset 
and the previous contents of TDRE are held. TE is cleared to 0 in 
IOSTOP mode and during RESET. 


RTS, — Request to Send Channel 0 (bit 4 in CNTLAO) 

When RTS, is cleared to 0, the RTS, output pin will go LOW. - 
When RTS, is set to 1, the RTS, output immediately goes HIGH. 
RTS, is set to 1 during RESET. 














CKA1D: CKA1 Clock Disable (bit 4 in CNTLA1) 

When CKAID is set to 1, the multiplexed CKA1/TEND, pin is 
used for the TEND, function. When CKA1D = 0, the pin is used 
as CKAI1, an external data clock input/output for channel 1. 
CKAI1D is cleared to 0 during RESET. 





MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset (bit 
3) 

When multiprocessor mode is enabled (MP in CNTLB = 1), 
MPBR, when read, contains the value of the MPB bit for the last re- — 
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ceive operation. When written to 0, the EFR function is selected to 
reset all error flags (OVRN, FE and PE) to 0. MPBR/EFR is 
undefined during RESET. 


MOD2, 1, 0: ASCI Data Format Mode 2, 1, 0 (bits 2-0) 
These bits program the ASCI data format as follows. 
MOD2 

= 0 — 7 bit data 
= ] — 8 bit data 
MOD1 
= 0 — No parity 
= | — Parity enabled 
MODO 
= 0 — | stop bit 
= |] — 2 stop bits 
The data formats available based on all combinations of MOD2, 
MOD1 and MODO are shown in Table 10. 


Table 10 Combination of Data Format 


Start+ 7 bit datat+ 1 stop 
Start+ 7 bit data+ 2 stop 
Start+ 7 bit data+ parity+ 1 stop 


Start+ 7 bit data+ parity + 2 stop 
Start+ 8 bit data+ 1 stop 

| Start+ 8 bit data+ 2 stop 
Start+ 8 bit data+ parity+ 1 stop 
Start+ 8 bit data+ parity + 2 stop 





(6) ASCI Control Register BO, 1 (CNTLBO, 1) 
Each ASCI channel control register B configures multiprocessor 
mode, parity and baud rate selection. 


ASCi Control Register B O (CNTLBO : I/O Address = 02H) 
ASCI Control ics B 1 (CNTLB1 : 1/0 Address = 03H) 


CTS/ 
MPBT PS 


R/W R/W R/W 


MPBT: Multiprocessor Bit Transmit (bit 7) 

When multiprocessor communication format is selected (MP bit 
= 1), MPBT is used to specify the MPB data bit for transmission. If 
MPBT = 1, then MPB = 1 is transmitted. If MPBT = 0, then 
MPB = Ois transmitted. MPBT state is undefined during and after 
RESET. 


MP: Multiprocessor Mode (bit 6) 

When MP is set to 1, the data format is configured for multi- 
processor mode based on the MOD2 (number of data bits) and 
MOD0 (number of stop bits) bits in CNTLA. The format is as fol- 
lows. 


Start bit + 7 or 8 data bits + MPB bit + 1 or 2 stop bits 


Note that multiprocessor (MP = 1) format has no provision for 
parity. If MP = 0, the data format is based on MODO, MOD1 and 
MOD2 and may include parity. The MP bit is cleared to 0 during 
RESET. 


CTS/PS: Clear to Send/Prescale (bit 5) 

When read, CTS/PS reflects the state of the external CTS input. 
If the CTS input pin is HIGH, CTS/PS will be read as 1. Note that 
when the CTS input pin is HIGH, the TDRE bit is inhibited (ie. 
held at 0). For channel 1, the CTS, input is multiplexed with RXS 
pin (Clocked Serial Receive Data). Thus, CTS/PS_is only valid 
when read if the channel 1 CTSIE bit = 1 and the CTS, input pin 
function is selected. The read data of CTS/PS is not affected by RE- 
SET. 

When written, CTS/PS specifies the baud rate generator prescale 
factor. If CTS/PS is set to 1, the system clock (¢) is prescaled by 30 
while if CTS/PS is cleared to 0, the system clock is prescaled by 10. 
CTS/PS is cleared to 0 during RESET. 


PEO: Parity Even Odd (bit 4) 

PEO selects even or odd parity. PEO does not affect the enab- 
ling/disabling of parity (MOD1 bit of CNTLA). If PEO is cleared to 
0, even parity is selected. If PEO is set to 1, odd parity is selected. 
PEO is cleared to 0 during RESET. 


DR: Divide Ratio (bit 3) 

DR specifies the divider used to obtain baud rate from the data 
sampling clock. If DR is cleared to 0, divide by 16 is used while if 
DR is set to 1, divide by 64 is used. DR i is cleared to 0 during RE- 
SET. 


SS2, 1, 0: Source/Speed Select 2, 1, 0 (bits 2-0) 

Specify the data clock source (internal or external) and baud rate 
prescale factor. SS2, SS1, and SSO are all set to 1 during RESET. 
Table 11 shows the divide ratio corresponding to SS2, SS1, and SSO. 


Table 11 Divide Ratio 


ee 





external clock 


The external ASCI channel 0 data clock pins are multiplexed 








with DMA control lines (CKA,/DREQ, and CKA,/TEND,). Dur- 
ing RESET, these pins are initialized as ASCI data clock inputs. If 
SS2, SS1, and SSO are reprogrammed (any other value than SS2, 
SS1, SSO = 1) these pins become ASCI data clock outputs. How- 
ever, if DMAC channel 0 is configured to perform memory <—> 
I/O (and memory mapped I/O) transfers the CKA,/DREQ, pin re- 
vert to DMA control signals regardless of SS2, SS1, and SSO pro- 
gramming. Also, if the CKAID bit in the CNTLA register is set to 
1, then the CKA,/TEND, reverts to the DMA Control output 
function regardless of SS2, SS1, and SSO programming. 
Final data clock rates are based on CTS/PS (prescale), DR, SS2, 

SS1, SSO, and the HD64180 system clock (¢) frequency as shown 
in Table 12. 
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Table 12 Baud Rate List 


Prescaler Sampling 
Rate 


ss 


0) 
O 
0) 
0 
1 
1 
1 
Eat 
0 
6) 
0 
0 
1 
1 
1 
Les 
0 
o | 
0 
O 
1 
1 
1 
moe 
6) 
0 
0 
0 
1 
1 
1 


-eo++00/-|-00--00 


Hs 


11.3 MODEM Control Signais 

ASCI channel 0 has CTS,, DCD,, and RTS, external modem 
control signals. ASCI channel 1 has a CTS, modem control signal 
which is multiplexed with RXS pin (Clocked Serial Receive Data). 








(1) CTS 9: Clear to Send 0 (input) 

The CTS, input allows external control (start/stop) of ASCI 
channel 0 transmit operations. When CTS, is HIGH, channel 0 
TDRE bit is held at 0 regardless of whether the TDRO (Transmit 
Data Register) is full or empty. When CTS, is LOW, TDRE will re- 
flect the state of TDRO. Note that the actual transmit operation is 
not disabled by CTS, HIGH, only TDRE is inhibited. 








(2) DCDpo: Data Carrier Detect 0 (input) 

The DCD, input allows external control (start/stop) of ASCI 
channel 0 receive operations. When DCD, is HIGH, channel 0 
RDRE bit is held at 0 regardless of whether the RDRO (Receive 
Data Register) is full or empty. The error flags (PE, FE and OVRN 
bits) are also held at 0. Even after the DCD, input goes LOW, these 











B | | 
eaeeal aud Rate (Example) CKA 
ne (BPS) 
Divide 
Ratio =6.144 | d6=4.608 | 6=3.072 VO Clock 
MHz MHz MHz Frequency 
o- 


bits will not resume normal operation until the status register 
(STATO) is read. Note that this first read of STATO, while enabling 
normal operation, will still indicate the DCD, input is HIGH 
(DCDO bit = 1) even though it has gone LOW. Thus, the STATO 
register should be read twice to insure the DCDO bit is cleared to 0. 


(3) RTS : Request to Send O (output) 

RTS, allows the ASCI to control (start/stop) another communi- 
cation devices transmission (for example, by connection to that de- 
vices CTS input). RTS, is essentially a 1 bit output port, having no 
side effects on other ASCI registers or flags. 


(4) CTS,: Clear to Send 1 (input) 

Channel 1 CTS, input is multiplexed with the RXS pin (Clocked 
Serial Receive Data). The CTS, function is selected when the 
CTSIE bit in STAT] is set to 1. When enabled, the CTS, operation 
is equivalent to CTS). 


Modem control signal timing is shown in Fig. 48 (a) and Fig. 48 (b). 
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Figure 48 (a) DCD, Timing 


/O instruction 


| I/O write cycle ! 
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Figure 48 (b) RTS, Timing 


11.4 ASCI Interrupts 
Fig. 49 shows the ASCI interrupt request generation circuit. 


438 


DCDO | IEF 1 
RDRFO 


OVRNO is | 
PEO RIEO ’ = a ASCIO Interrupt 
Request 
FEO TDREO : 
TIEO 
RDRF1 
OVRN1 - —~ 
PEI , RIE1 . 
FE1 = 
TDRE1 
TIE 4 


Figure 49 ASClI Interrupt Request Circuit Diagram 


> ASCI1 Interrupt 
: Request 


@ HITACHI 
Hitachi America Ltd. * 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 


SS SS SSS SSS HD64180R 


11.5 ASCI <—> DMAC operation 

Operation of the ASCI with the on-chip DMAC channel 0 re- 
quires the DMAC be correctly configured to utilize the ASCI flags 
as DMA request signals. 


11.6 ASCI and RESET 
During RESET, the ASCI status and control registers are 
initialized as defined in the individual register descriptions. 


Internal Clock 


p 


External Clock 
fo < @ + 40 


Baud Rate Selection 


Receive and Transmit operations are stopped during RESET. 
However, the contents of the transmit and receive data registers 
(TDR and RDR) are not changed by RESET. 


11.7 ASCI Clock 
In external clock input mode, the external clock is directly input 
to the sampling rate (+ 16/+ 64) as shown in Fig. 50. 


Sampling Rate 


Prescaler 





Figure 50 ASCI Clock Block Diagram 


12 CLOCKED SERIAL I/O PORT (CSI/O) 

The HD64180 includes a simple, high speed clock synchronous 
serial I/O port. The CSI/O includes transmit/receive (half duplex), 
fixed 8-bit data and internal or external data clock selection. High 
speed operation (baud rate as high as 200k bits/second at fo = 4 
MHz) is provided. The CSI/O is ideal for implementing a multi- 
processor communication link between the HD64180 and the 
HMCS400 series (4-bit) and the HD6301 series (8-bit) single chip 






TXS + 
RXS 


CSI/O Transmit/Receive 
Data Register: 
TRDR (8) 


CSI/O Control Register: 
CNTR (8) 







Interrupt Request 


Internal Address/Data Bus 


controllers as well as additional HD64180s. These secondary de- 
vices may typically perform a portion of the system I/O processing 
such as keyboard scan/decode, LDC interface etc. 


12.1 CSI/O Block Diagram 

The CSI/O block diagram is shown in Fig. 51. The CSI/O con- 
sists of two registers — the Transmit/Receive Data Register 
(TRDR) and Control Register (CNTR). . 


Baud Rate CKS 


Generator 








Figure 51 CSI/O Block Diagram 


12.2 CSI/O Register Description 


(1) CSI/O Transmit/Receive Data Register (TRDR: 1/O Ad- 
dress = OBH) 

TRDR is used for both CSI/O transmission and reception. Thus, 
the system design must insure that the constraints of half-duplex 
operation are met (Transmit and receive operation can’t occur sim- 
ultaneously). For example, if a CSI/O transmission is attempted at 
the same time that the CSI/O is receiving data, a CSI/O will not 
work. Also note that TRDR is not buffered. Therefore, attempting 
to perform a CSI/O transmit while the previous transmit data is still 
being shifted out causes the shift data to be immediately updated, 
thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be 
avoided. 


(2) CSI/O Control/Status Register (CNTR: I/O Address = 
OAH) 
CNTR is used to monitor CSI/O status, enable and disable the 
CSI/O, enable and disable interrupt generation and select the data 
clock speed and source. 


CSI/O Control Register (CNTR : I/O Address = OAH) 
bit 


7 6 5 4 3 2 1 0 
R R/W R/W R/W R/W R/W R/W 


EF: End Flag (bit 7) 
EF is set to 1 by the CSI/O to indicate completion of an 8-bit 
data transmit or receive operation. If EIE (End Interrupt Enable) 
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bit = 1 during the time EF = 1, a CPU interrupt request will be 
generated. Program access of TRDR should only occur if EF = 1. 
The CSI/O clears EF to 0 when TRDR is read or written. EF is 
cleared to 0 during RESET and IOSTOP mode. 


EIE: End Interrupt Enable (bit 6) . 

EIE should be set to 1 to enable EF = 1 to generate a CPU inter- 
rupt request. The interrupt request is inhibited if EIE is cleared to 0. 
EIE is cleared to 0 during RESET. 


RE: Receive Enable (bit 5) 

A CSI/O receive operation is started by setting RE to 1. When 
RE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted in on the 
RXS pin in synchronization with the (internal or external) data 
clock. After receiving 8 bits of data, the CSI/O automatically clears 
RE to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will 
be generated. Note that RE and TE should never both be set to 1 at 
the same time. RE is cleared to 0 during RESET and IOSTOP 
mode. 

Note that the RXS pin (pin 52) is multiplexed with CTS, mod- 
em control input of ASCI channel 1. In order to enable the RXS 
function, the CTSIE bit in CNTAI should be reset to 0. 


TE: Transmit Enable (bit 4) 

A CSI/O transmit operation is started by setting TE to 1. When 
TE is set to 1, the data clock is enabled. In internal clock mode, the 
data clock is output from the CKS pin. In external clock mode, the 
clock is input on the CKS pin. In either case, data is shifted out on 
the TXS pin synchronous with the (internal or external) data clock. 
After transmitting 8 bits of data, the CSI/O automatically clears TE 


IEF 1 


EF 
EIE 





to 0, EF is set to 1 and an interrupt (if enabled by EIE = 1) will be 
generated. Note that TE and RE should never both be set to 1 at the 
same time. TE is cleared to 0 during RESET and IOSTOP mode. 


$S2, 1, 0: Speed Select 2, 1, 0 (bits 2-0) 

SS2, SS1 and SSO select the CSI/O transmit/receive clock source 
and speed. SS2, SS1 and SSO are all set to 1 during RESET. Table 13 
shows CSI/O Baud Rate Selection. 


Table 13 CSI/O Baud Rate Selection 


[sso |e |e 
Ratio Rate 

: ~ (200000) 
(100000) 
(560000) 
(25000) 
(12500) 
(6250) 
+1280 (3125) 


external Clock input 
(less than + 20) 


( ) shows the baud rate (BPS) at @ = 4 MHz. 


After RESET, the CKS pin is configured as an external clock 
input (SS2, SS1, SSO = 1). Changing these values causes CKS to 
become an output pin and the selected clock will be output when 
transmit or receive operations are enabled. 













12.3 CSI/O Interrupts 
The CSI/O interrupt request circuit is shown in Fig. 52. 


CSI/O 
Interrupt Request 


Figure 52 CSI/O interrupt Circuit Diagram 


12.4 CSI/O Operation 
The CSI/O can be operated using status polling or interrupt 
driven algorithms. 


(1) Transmit — Polling 

@) Poll the TE bit in CNTR until TE = 0. 
(2) Write the transmit data into TRDR. 

3) Set the TE bit in CNTR to 1. 

@) Repeat 1 to 3 for each transmit data byte. 


(2) Transmit — Interrupts 

@) Poll the TE bit in CNTR until TE = 0. 

@) Write the first transmit data byte into TRDR. 

(3) Set the TE and EIE bits in CNTR to 1. 

( When the transmit interrupt occurs, write the next transmit data 
- byte into TRDR. 

G) Set the TE bit in CNTR to 1. . 

(6) Repeat 4 to 5 for each transmit data byte. 


(3) Receive — Polling 

@) Poll the RE bit in CNTR until RE = 0. 
(2) Set the RE bit in CNTR to 1. 

3) Poll the RE bit in CNTR until RE = 0. 


@ Read the receive data from TRDR. 
(©) Repeat 2 to 4 for each receive data byte. 


(4) Receive — Interrupts 

@ Poll the RE bit in CNTR until RE = 0. 

@) Set the RE and EIE bits in CNTR to 1. 

(3) When the receive interrupt occurs read the receive data from 
TRDR. 

@ Set the RE bit in CNTR to 1. 

G) Repeat 3 to 4 for each receive data byte. 


12.5 CSI/O Operation Timing Notes 

(1) Note that transmitter clocking and receiver sampling timings 
are different from internal and external clocking modes. Fig. 53 
to Fig. 54 shows CSI/O Transmit/Receive Timing. 

(2) The transmitter and receiver should be disabled (TE and RE 
= 0) when initializing or changing the baud rate. 


12.6 CSI/O Operation Notes 

(1) Disable the transmitter and receiver (TE and RE = 0) before 
initializing or changing the baud rate. When changing the baud 
rate after completion of transmission or reception, a delay of at 
least one bit time is required before baud rate modification. 
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(2) When RE or TE is cleared to 0 by software, a corresponding re- (3) Simultaneous transmission and reception is not possible. Thus, 
ceive or transmit operation is immediately terminated. Nor- TE and RE should not both be 1 at the same time. 
mally, TE or RE should only be cleared to 0 when EF = 1. 


CKS | | | | | | — 
| 
| 
TXS X__tsB___X | MSB 
! 
| 


ee a aa, rere 
EF | | 


| 


Read or write of CSI/O 
Transmit/Receive 
Data Register 


Figure 53 Transmit Timing — Internal Clock 


“a “ 1LF LI "LSI LJ ~— 


Ts 


TE 





EF 


Read or write of CSI/O 
Transmit/Receive 
Data Register 


Figure 54 Transmit Timing — External Clock 
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Figure 55 Receive Timing — Internal Clock 
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Figure 56 Receive Timing — External Clock 


12.7 CSI/O and RESET CSI/O transmit and receive operations in progress are aborted 
During RESET each bit in the CNTR is initialized as defined in during RESET. However, the contents of TRDR are not changed. 


the CNTR register description. 
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13 PROGRAMMABLE RELOAD TIMER (PRT) 

The HD64180 contains a two channel 16-bit Programmable Re- 
load Timer. Each PRT channel contains a 16-bit down counter and 
a 16-bit reload register. The down counter can be directly read and 
written and a down counter overflow interrupt can be programmab- 
ly enabled or disabled. In addition, PRT channel 1 has a TOUT out- 
put pin (multiplexed with A,,) which can be set HIGH, LOW, or 
toggled. Thus PRT1 can perform programmable output waveform 





Timer Data 
Register OH 









Timer Reload | Timer Reload 
Register OL | Register OH 
: RLDROL (8) |}: RLDROH (8) 






Internal Address/Data Bus 


Timer Control 
Register 
: TCR (8) 


generation. 


13.1 PRT Block Diagram 

The PRT block diagram is shown in Fig. 57. The two channels 
have separate timer data-and reload registers and a common status/ 
control register. The PRT input clock for both channels is equal to 
the system clock (¢) divided by 20. 









Timer Data 





Timer Data 


















Timer Reload | Timer Reload 
Register 1L |Register 1H 
- TLDR1L (8) |: TLDR1H (8) 












Interrupt Request 


Figure 57 PRT Block Diagram 


13.2 PRT Register Description 


(1) Timer Data Register (TMDR: I/O Address = CHO: ODH, 
OCH CH1: 15H, 14H) 

PRTO and PRT1 each have 16-bit Timer Data Registers 
(TMDR). TMDRO and TMDR1 are each accessed as low and high 
byte registers (TMDROH, TMDROL and TMDR1H, TMDRIL). 
During RESET, TMDRO and TMDR1 are set to FFFFH. 

TMDR is decremented once every twenty ¢ clocks. When 
TMDR counts down to 0, it is automatically reloaded with the value 
contained in the Reload Register (RLDR). 

TMDR can be read and written by software using the following 
procedures. The read procedure uses a PRT internal temporary 
storage register to return accurate data without requiring the timer 
to be stopped. The write procedure requires the PRT to be stopped. 

For reading (without stopping the timer), TMDR must be read 
in the order of lower byte — higher byte (TMDRnL, TMDRnH). 
The lower byte read (TMDRnL) will store the higher byte value in 
an internal register. The following higher byte read (TMDRnH) will 
access this internal register. This procedure insures timer data 
validity by eliminating the problem of potential 16-bit timer updat- 
ing between each 8-bit read. Specifically, reading TMDR in higher 
byte — lower byte order may result in invalid data. Note the im- 
plications of TMDR higher byte internal storage for applications 
which may read only the lower and/or higher bytes. In normal oper- 
ation all TMDR read routines should access both the lower and 
higher bytes, in that order. 

For writing, the TMDR down counting must be inhibited using 
the TDE (Timer Down Count Enable) bits in the TCR (Timer 
Control Register), following which any or both higher and lower 
bytes of TMDR can be freely written (and read) in any order. 


(2) Timer Reload Register (RLDR: 1/O Address = CHO: OEH, 
OFH CH1: 16H, 17H) 

PRTO and PRT1 each have 16-bit Timer Reload Registers 
(RLDR). RLDRO and RLDR1 are each accessed as low and high 
byte registers (RLDROH, RLDROL and RLDRIH, RLDRIL). 
During RESET RLDRO and RLDR1 are set to FFFFH. 

When the TMDR counts down to 0, it is automatically reloaded 
with the contents of RLDR. 


(3) Timer Control Register (TCR) 

TCR monitors both channels (PRTO, PRT1) TMDR status and 
controls enabling and disabling of down counting and interrupts as 
well as controlling the output pin (A,,/TOUT) for PRT 1. 


Timer Control Register (TCR : I/O Address = 10H) 
bit 


7 6 5 4 3 2 1 0 
TIF TIFO TIE1 TIEO Toc1 TOCO TDE1 TDEO 
R R R/W R/W R/W R/W R/W R/W 


TIF1: Timer Interrupt Flag 1 (bit 7) 

When TMDRI decrements to 0, TIF1 is set to 1. This can gener- 
ate an interrupt request if enabled by TIE] = 1. TIF1 is reset to 0 
when TCR is read and the higher or lower byte of TMDR1 are read. 
During RESET, TIF1 is cleared to 0. 


TIFO: Timer Interrupt Flag O (bit 6) 

When TMDR0O decrements to 0, TIFO is set to 1. This can gener- 
ate an interrupt request if enabled by TIEO = 1. TIFO is reset to 0 
when TCR is read and the higher or lower byte of TMDRO are read. 
During RESET, TIFO is cleared to 0. 
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TIE1: Timer Interrupt Enable 1 (bit 5) 

When TIE] is set to 1, TIF1 = 1 will generate a CPU interrupt 
request. When TIE] is reset to 0, the interrupt request is inhibited. 
During RESET, TIE1 is cleared to 0. 


TIEO: Timer interrupt Enable 0 (bit 4) 

When TIE0 is set to 1, TIFO = 1 will generate a CPU interrupt 
request. When TIEO is reset to 0, the interrupt request is inhibited. 
During RESET, TIE0 is cleared to 0. 


TOC1, O: Timer Output Control (bits 3, 2) 

TOC1 and TOCO control the output of PRT1 using the multip- 
lexed A,,/TOUT pin as shown below. During RESET, TOC] and 
TOCO are cleared to 0. This selects the address function for A,,/ 
TOUT. By programming TOC! and TOCO, the A,,/TOUT pin can 
be forced HIGH, LOW or toggled when TMDRI decrements to 0. 


Timer Data Register 
write (O004H) 


Reset 7 


\ 
FFFFH | OOO4H ! 









Timer Data 
Register ~ 





Timer Reload Register Write (O003H) 





| 
| 
Timer Reload Register 


FFFFH | 0003H 





! Write “1"’ to TDE 


TDE Flag 


TIF Flag 





Inhibited (A, TOUT p pin is selected as 
an address output function.) 


toggled* _ 
0 t (A ,,/TOUT pin is selected 






as a PRT1 output function.) 


*« When TMDR1 decrements to 0, TOUT level is reversed. This can provide 
square wave with 50% duty to external devices without any software 
support. 


TDE1, 0: Timer Down Count Enable (bits 1, 0) 

TDEI and TDEO enable and disable down counting for TMDR1 
and TMDR0O respectively. When TDEn (n = 0, 1) is set to 1, down 
counting is executed for TMDRn. When TDEn is reset to 0, down 
counting is stopped and TMDRn can be freely read or written. 
TDE1 and TDEO are cleared to 0 during RESET and TMDRn will 
not decrement until TDEn is set to 1. 

Fig. 58 shows timer initialization, count down and reload timing. 
Fig. 59 shows timer output (A,,/TOUT) timing. 


0< t<20¢ 
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! 
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Timer data Register read 
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Figure 58 PRT Operation Timing 
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Figure 59 PRT Output Timing 
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PRT1 Interrupt 
Request 


PRTO Interrupt 
Request 


Figure 60 PRT Interrupt Request Circuit Diagram 


13.3 PRT Interrupts 
The PRT interrupt request circuit is shown in Fig. 60. 


13.4 PRT and RESET 

During RESET the bits in TCR are initialized as defined in the 
TCR register description. Down counting is stopped and the TMDR 
and RLDR registers are initialized to FFFFH. The A,,/TOUT pin 
reverts to the address output function. 


13.5 PRT Operation Notes 

(1) TMDR data can be accurately read without stopping down 
counting by reading the lower (TMDRnL*) and higher 
(TMDRnH’”) bytes in that order. Or, TMDR can be freely read 
or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not oc- 
cur during or between lower (RLDRnL*) and higher 
(RLDRnH*) byte writes. This may be guaranteed by system 
design/timing or by stopping down counting (with TMDR con- 
taining a non-zero value) during the RLDR updating. 
Similarly, in applications in which TMDR is written at each 
TMDR overflow, the system/software design should guaran- 
tee that RLDR can be updated before the next overflow occu- 
rs. Otherwise, time base inaccuracy will occur. 

NOTE: «n= 0, 1 

(3) During RESET, the multiplexed A,,/TOUT pin reverts to the 
address output. 

By reprogramming the TOC1 and TOC bits, the timer output 


function for PRT channel 1 can be selected. The following 
shows the initial state of the TOUT pin after TOC] and TOCO 
are programmed to select the PRT channel 1 timer output 
function. 
(i) PRT (channel 1) has not counted down to 0. 

If the PRT has not counted down to 0 (timed out), the 
initial state of TOUT depends on the programmed value in 
TOC!1 and TOCO. 


Toc1 TOCO 


TOUT State After 
Programming 
TOC1/TOCO 


TOUT State After 
Next Timeout 


LOW (0) 
LOW (0) 
HIGH (1) 





(ii)PRT (channel 1) has counted down to 0 at least once. 

If the PRT has counted down to 0 (timed out) at least once, 
the initial state of TOUT depends on the number of time outs 
(even or odd) that have occurred. 










TOUT State After 


Numbers of Timeouts 
(even or odd) Programming TOC1/TOCO 
Even (2, 4, 6...) HIGH (1) 
Odd (1,3, 5...) LOW (0) 
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14 INTERNAL I/O REGISTERS 
The HD64180 internal I/O Registers occupy 64 I/O addresses 


(including reserved addresses). These registers access the internal bit 7 6 5 a 3 : u S 
I/O modules (ASCI, CSI/O, PRT) and control functions (DMAC, fae edo cogil tie ea 
DRAM refresh, interrupts, wait state generator, MMU and I/O re- On Pole | 
location). R/W Ww ORWW 

To avoid address conflicts with external I/O, the HD64180 inter- 
nal I/O addresses can be relocated on 64 bytes boundaries within 


the bottom 256 bytes of the 64k bytes I/O address space. 


/O Control Register (ICR : i/O Address = 3FH) 


10A7,6: 1/O Address Relocation (bits 7-6) 
IOA7 and IOA6 relocate internal I/O as shown in Fig. 61. Note 
that the high-order 8 bits of 16-bit internal I/O addresses are always 


: i iCR 
Ue.1 VO Conn ol Register ven) 0. IOA7 and IOA6 are cleared to 0 during RESET. 


ICR allows relocating of the internal I/O addresses. ICR also 
controls enabling/disabling of the IOSTOP mode. 


OOFFH 
lIOA7 - |OAG=1 1 

OOCOH 

OOBFH 
lOA7 - lOA6=1 O 

0080H 

O0O7FH 
lOA7 - lOA6=0O 1 

0040H 

OO3FH 
lOA7 - |OA6=O0 O——> 

OOOOH 


Figure 61 Internal I/O Address Relocation 


IOSTP: lOSTOP Mode (bit 5) . 14.2 internal I/O Registers Address Map . , 
IOSTOP mode is enabled when IOSTP is set to 1. Normal I/O The internal I/O register addresses are shown in Table 14. These 
operation resumes when IOSTP is reset to 0. IOSTP is cleared to 0 addresses are relative to the 64 bytes boundary base address speci- 
during RESET. | fied in ICR. 
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Table 14 Internal 1/O Register Address Map (1) 


Sf rete | nani 


ASCI Control Register A Ch O CNTLAO 
CNTLA1 
CNTLBO 
CNTLB1 
STATO 
STAT1 
TDRO 
TDR1 
RDRO 






XX000000 
XX000001 
XX000010 
XX000011 
XX000100 
XX000101 
XX000110 
XX000111 
XX001000 























ASC1 Control Register A Ch 1 
ASCI Control Register B Ch O 
ASCI Control Register B Ch 1 
ASCI Status Register Ch O 

ASCI Status Register Ch 1 

ASCI Transmit Data Register Ch O 
ASCI Transmit Data Register Ch 1 
ASCI Receive Data Register Ch O 


























































ASCI Receive Data Register Ch 1 RDR1 XX001001 
CSI/O Control Register CNTR XX001010 
CSI/O Transmit/Receive Data Register TRDR XX001011 
Timer Data Register Ch OL TMDROL XX001 100 










TMDROH 
RLDROL 
RLDROH 
TCR 


XX001101 
XX001110 
XX001111 
XX010000 
ae 
XX010011 
XX010100 
XX010101 
XX010110 
XX010111 


Timer Data Register Ch OH 
Reload Register Ch OL 
Reload Register Ch OH 
Timer Control Register 





















Reserved 









TMDRI1L 
TMDR1H 
RLDRIL 
RLDR1H 





Timer Data Register Ch 1L 
Timer Data Register Ch 1H 
Reload Register Ch 1L 
Reload Register Ch 1H 








































XX011000 
XX011001 


s 


XX011111 


Free Running Counter FRC 






Reserved 





Others 
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Table 14 Internal I/O Register Address Map (2) 























DMA Source Address Register Ch OL 
DMA Source Address Register Ch OH 
DMA Source Address Register Ch OB 
DMA Destination Address Register Ch OL 
DMA Destination Address Register Ch OH 
DMA Destination Address Register Ch OB 
DMA Byte Count Register Ch OL 
DMA Byte Count Register Ch OH 
DMA Memory Address Register Ch 1L 
DMA Memory Address Register Ch 1H 
DMA Memory Address Register Ch 1B 
DMA I/O Address Register Ch 1L 
DMA I/O Address Register Ch 1H 
Reserved 

_ DMA Byte Count Register Ch 1L 

DMA Byte Count Register Ch 1H 

DMA Status Register 

DMA Mode Register 

DMA/WAIT Control Register 







IL Register (Interrupt Vector Low Register) 
INT/TRAP Control Register 
Reserved 






MMU Common Base Register 
MMU MMU Bank Base Register 
MMU Common/Bank Area Register 


Reserved 








\/O Control Register 


14.3 I/O Addressing Notes 

The internal I/O register addresses are located in the I/O address 
space from 0000H to OOFFH (16-bit I/O addresses). Thus, to access 
the internal I/O registers (using I/O instructions), the high-order 8 
bits of the 16-bit I/O address must be 0. 

The conventional I/O instructions (OUT (m),A/ IN A,(m) / 
OUTI / INI/ etc.) place the contents of a CPU register on the high- 
order 8 bits of the address bus, and thus may be difficult to use for 
accessing internal I/O registers. 

For efficient internal I/O register access, a number of new in- 
structions have been added, which force the high-order 8 bits of the 
16-bit I/O address to 0. These instructions are INO, OUTO, OTIM, 


rt ae 


Refresh Control Register RCR 
Refresh 
Reserved 














XX100000 
XX100001 
XX100010 
XX100011 
XX100100 
XX100101 
XX100110 
XX100111 
XX101000 
XX101001 
XX101010 
XX101011 
XX101100 
XX101101 
XX101110 
XX101111 
XX110000 
XX110001 
XX110010 














































































XX110011 
XX110100 
XX110101 


XX110110 
XX110111 
XX111000 


XX111001 
XX111010 

















XX111011 


XX111110 
XX111111 


OTIMR, OTDM, OTDMR and TSTIO (See section 19 Instruction 
Set). 

Note that when writing to an internal I/O register, the same I/O 
write occurs on the external bus. However, the duplicate external I/ 
O write cycle will exhibit internal I/O write cycle timing. For exam- 
ple, the WAIT input and programmable wait state generator are ig- 
nored. Similarly, internal I/O read cycles also cause a duplicate ex- 
ternal I/O read cycle — however, the external read data is ignored 
by the HD64180. 

Normally, external I/O addresses should be chosen to avoid 
overlap with internal I/O addresses to avoid duplicate I/O accesses. 
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15 E CLOCK OUTPUT TIMING — 6800 TYPE BUS INTER- These devices require connection with the HD64180 syn- 
FACE chronous E clock output. The speed (access time) required for the 

A large selection of 6800 type peripheral devices can be con- peripheral device are determined by the HD64180 clock rate. Table 
nected to the HD64180, including the Hitachi 6300 CMOS series 15, Fig. 62 and Fig. 63 define E clock output timing. 


(6321 PIA, 6350 ACIA, etc.) as well as 6500 family devices. 


Table 15 E Clock Timing in Each Condition 






Op-code Fetch Cycle = 

Memory Read/Write Cycle Taf — Ts] (1.56 + n,-¢) 

\/O read Cycle ist Tw — Tal (0.5¢ +n, -¢) 
w 


\/O Write Cycle 1st Tw{f — Taf (ny * >) 
NMI Acknowledge 1st MC Taft — Ts] (1.5¢) 


INTo Acknowledge 1st MC 1st Tw{ — Ts] (0.5¢ + n, -¢) 


BUS RELEASE mode 
SLEEP mode 
SYSTEM STOP mode 














o)— > _ (2h or1¢) 


NOTE) n, : the number of wait states 
MC : Machine Cycle 


NMI 
OP-code Memory read/ acknowledge INTo acknowledge 


fetch cycle write cycle ./O read cycle /O write cycle 1st MC 1st MC 
r Te Ts a T2 Ts r Te Tw Ts cE Te Tw Ts r Te Ts r To Tw* Tw’ Ts | 


al S| = 


* Two wait states are automatically inserted. 
NOTE) MC: Machine Cycle 


Figure 62 E Clock Timing (During Read/Write Cycle and 
interrupt Acknowledge Cycle) 
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d 
BUSREQ 


BUSACK 








(a) E Clock Timing in BUS RELEASE Mode 


SLP 
instruction 
2nd op-code 


Op-code 


fetch cycle SLEEP mode or SYSTEM STOP mode fetch cycle 
Ps Te T3 a To T T TT. Ts, ms Te 
¢ Ae ae eee 





(b) E Clock Timing in SLEEP Mode and SYSTEM STOP Mode 


Figure 63 E Clock Timing 


(in BUS RELEASE mode, SLEEP mode, SYSTEM STOP mode) 


Wait states inserted in op-code fetch, memory read/write and I/ 
O read/write cycles extend the duration of E clock output HIGH. 
Note that during I/O read/write cycles with no wait states (only oc- 
curs during on-chip I/O register accesses), E will not go HIGH. 

The correspondence between the duration of E clock output 
HIGH and standard peripheral device speed selections is as follows. 


: | | Required duration of | | 
Device Speed Selection E clock output HIGH | 


~1.0 MHz (ex: HD6321P) 500 ns min. 
1.5 MHz (ex: HD63A21P) 333 ns min. 
2.0 MHz (ex: HD63B21P) 230 ns min. 
















15.1 6800 Type Bus Interfacing Note 

When the HD64180 is connected to 6800 type peripheral LSIs 
with E clock, the 6800 type peripheral LSIs should be located in I/O 
address space. 

If the 6800 type peripheral LSIs are located in memory address 
space, WR set-up time and WR hold time for E clock won’t be 
guaranteed during memory read/write cycles and 6800 type periph- 
eral LSIs can’t be connected correctly. 
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16 ON-CHIP CLOCK GENERATOR 

The HD64180 contains a crystal oscillator and system clock (¢) 
generator. A crystal can be directly connected or an external clock 
input can be provided. In either case, the system clock (@) is equal 
to one-half the input clock. For example, a crystal or external clock 


HD64180R 


input of 8 MHz corresponds with a system clock rate of @¢ = 4 
MHz. 

The following table shows the AT cut crystal characteristics (Co, 
Rs) and the load capacitance (CL1, CL2) required for various fre- 
quencies of HD64180 operation. 


Table 16 Crystal Characteristics 










Clock Frequency 





If an external clock input is used instead of a crystal, the 
waveform (twice the @ clock rate) should exhibit a 50% + 5% duty 
cycle. Note that the minimum clock input HIGH voltage level is 
Voc 0.6V. The external clock input is connected to the EXTAL 
pin, while the XTAL pin is left open. Fig. 64 shows external clock 
interface. 


EXTAL FLUTLIL extemat clock Input 
XTAL Open 


Figure 64 External Clock Interface 


Fig. 65 shows the HD64180 clock generator circuit while Fig. 66 
and Fig. 67 specify circuit board design rules. 


CL1 


EXTAL eral 


oa 


XTA Le 


Figure 65 Crystal Interface 


10 to 22 pF + 10% 









12MHz < f = 16MHz 
10 to 22 pF + 10% 


10 to 22 pF +10% 


HD64180 


must be avoided 


A, B: Signal 


Signal C 


HD64180 


Figure 66 Note for Board Design of the Oscillation Circuit 
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ew mm men) 





HD64180 
(DP-64S) 


(Top View) 








Signal line layout should 
avoid areas marked with /////. 
pe oe 






Figure 67 Example of Board Design 


Circuit Board design should observe the followings. 
(1) To prevent induced noise, the crystal and load capacitors 
should be physically located as close to the LSI as possible. 
(2) Signal lines should not run parallel to the clock oscillator 
inputs. In particular, the clock input circuitry and the system 
clock @ output should be separated as much as possible. 


(3) Similar to (2), Voc power lines should be separated from the 
clock oscillator input circuitry. 

(4) Resistivity between XTAL or EXTAL and the other pins 
should be greater than 10M ohms. 
Signal line layout should avoid areas marked with ///// 
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17 MISCELLANEOUS 

Free Running Counter (I/O Address = 18H) 

Read only 8-bit free running counter without control registers 
and status registers. The contents of the 8-bit free running counter 
is counted down by | with an interval of 10 ¢ clock cycles. The free 
running counter continues counting down without being affected by 
the read operation. 

If data is written into the free running counter, we can’t guaran- 
tee the interval of DRAM refresh cycle and baud rates of ASCI and 
CSI/O. 

In IOSTOP mode, the free running counter continues counting 
down. It is initialized to FFH during RESET. 


18 OPERATION NOTES 
18.1 Precaution on Interfacing the Z80* Family Peripheral 
LSIis to the HD64180 
(1) Problem 
In daisy chain, the Z80* family peripheral LSI (PIO, DMA, 
CTC, SIO, or DART) resets interrupt circuit (i.e. IEO changes 
from LOW to HIGH) by fetching the RETI op-code on the 
data bus concurrently during the CPU fetches the RETI. 
Therefore, the followings should be noted for the RETI op- 
code (EDH, 4DH) fetch timing in the Z80* peripheral LSI. 
When the peripheral LSI fetches the first op-code of RET! 
(EDH), LIR should be negated HIGH at the rising edge of 
system clock @ as shown in Fig. 71, A. (This isn’t referred in 
the manuals for the Z80* peripheral LSI.) So, LIR hold time 
(LIR = HIGH) should be required as shown in Fig. 71. 





A 
i) 
UR 
Date Bus 


Figure 71 LIR Hold Time 


Because LIR changes synchronously with the rising edge of 
system clock ¢, LIR delay time is equal to LIR hold time of the 
Z80* peripheral LSI. However, this LIR hold time may not be 
sufficient for the Z80* peripheral LSI in some case and IEO 
line may not be reset. 


(2) An example of countermeasure 
__ Fig. 72 shows an example of circuit, while Fig. 73 shows the 
LIR and LIR’ timing in the circuit. 


TIR’ to Peripheral LSI 





Figure 72 Circuit Example 


* Z80 is a registered trademark of Zilog, Inc. 





Figure 73 LIR and LIR’ Timing in the Circuit 


LIR’, which is synchronized with the falling edge of system 
clock @, is provided to the peripheral LSI. In this case, one-half 
clock cycle duration is confirmed as the hold time. 

Please carefully examine the circuit before you use it on 
your application. 
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18.5 Precaution on interfacing HD64180 with Z80* CTC 
(1) Problem 

The following problem may happen when interfacing HD64180 
with Z80* CTC (Z8430). Therefore, countermeasure shown in sec- 
tion 2 should be taken. Fig. 81 illustrates Z80* CTC write timing 
specified in Z80* CTC Data Sheet. Fig. 82 and Fig. 83 show Z80* I/ 
O write timing and HD64180 I/O write timing respectively. 

As shown above, IOE in HD64180 goes LOW by a half ¢ clock 
cycle faster than IORQ in Z80. When interfacing Z80 with Z80* 
CTC, data is written into Z80* CTC at the rising edge of Tw. By 
contrast, when interfacing HD64180 with Z80* CTC, data is written 
into Z80* CTC at the rising edge of T,. In the latter case, data may 
not be written into Z80* CTC if IOE set-up time for the rising edge 
of T,, is less than the set-up time specified in Z80* CTC. 


$ ge We te Ee ale 





oe Set-up time 
CE 
een Set-up time 
1IORQ 
Set-up time | Hold time 
Data 





Figure 81 Z80* CTC Write Timing** 


Ti T2 Tw T3 
ek Lok eh i. 
1ORQ 
Data 


t 


Write data 


Figure 82 Z80*1/O Write Timing 


11 Te Tw Ts 
Oe Weel Nek: a eae 


IOE 


Data 


t 


Write data 


Figure 83 HD64180 I/O Write Timing 


* 7Z80 is a registered trademark of Zilog, Inc. 


** Copied from Z80* CTC Data Sheet (April, 1985) 





(2) Countermeasure 

To Avoid the problem, IOE in HD64180 should be asserted 
LOW at the rising edge of T, to assure the set-up time specified in 
Z80* CTC. Fig. 84 (a) shows a circuit for delaying IOE by a half ¢ 
clock cycle. 

If this circuit is externally connected between HD64180 and 
Z80* CTC, IOE’ will be pulled LOW at the rising edge of T, only in 
I/O read/write cycle_as shown in Fig. 84 (b). While in INT, 
acknowledge cycle, IOE and IOE’ are asserted LOW at the timing 
shown in Fig. 84 (c). In INT, acknowledge cycle, IOE’ delays be- 
cause of propagation time of TTL gates of the countermeasure cir- 
cuit and the vector access time is shortened. If vector access time 
for HD64180 is not assured during INT, acknowledge cycle, wait 
states should be inserted by programming IWIO and IWI1 bits of 
DMA/WAIT Control Register. However, note that wait states in- 
sertion by software should be inhibited during Z80* CTC read/write 
cycles, because more than one wait state can not be allowed in the 
case of Z80* CTC. (Please see Z80* CTC Data Sheet. One wait state 
is automatically inserted during the cycles.) Refer to ‘‘Fig. 85 Z80* 
CTC Access Flow”’ for details. 





Ps LS75 


(a) Countermeasure Circuit 


Ti Te Tw T3 T; 
g 
UR 
JOE Fixed to HIGH 
1OE’ 
(b) /O Read/Write Timing 
T1 T2 Tw Tw Ts T1 
7) j ) 
LIR 
OF —_ 
OE’ Vector access time 
i (i ar! 


Propagation time of TTL gates 


(c) INTo Acknowledge Cycle Timing 


Figure 84 Countermeasure Circuit and Timings in the Circuit 
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Program DMA/WAIT Control 
Register to insert wait states 





Disable INT o 


Disable programmable wait states 
insertion for I/O access (One wait state 


is automatically inserted during Z80* 
CTC read/write cycles.) 





Access Z80* CTC 


Enable programmable wait states 
insertion for i/O access 


Enable INT o 


*1 More than one wait state can not be 
allowed during Z80* CTC read/write 
cycles. 


Figure 85 Z80* CTC Access Flow 
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18.6 Notes on HD64180 INT, Mode 0 
(1) Problem 

In INT, Mode 0, the CPU executes an instruction which is 
placed on the data bus during the interrupt acknowledge cycle. 
Usually, RST (1-byte instruction) or CALL (3-byte instruction) is 
placed on the data bus. Then, the CPU pushes the Program Coun- 
ter (PC) onto the stack and jumps to the interrupt service routine. 
In the case of RST instruction, the correct return address is pushed 
onto the stack. However, in the case of CALL instruction, the 
pushed return address is equal to the correct return address + 2. 


(2) Explanation of operation 
During the Ist op-code fetch cycle in the interrupt acknowledge 


Last INT,» Mode O 
Machine acknowledge 
Cycle cycle 


CALL instruction execution 


cycle, the CPU stops incrementing the PC. At this time, the PC 
contains the return address. After the Ist op-code is fetched, the 
CPU restarts incrementing the PC. Therefore, is RST (1-byte in- 
struction) is executed in the interrupt acknowledge cycle, the cor- 


-rect return address is pushed onto the stack and the CPU can return 


from the interrupt service routine correctly. While, if CALL (3-byte 
instruction) is executed in the interrupt acknowledge cycle, the PC 
is incremented twice during the operand read cycle of the 2 bytes 
after the Ist op-code is fetched. Therefore, the return address + 2 
in the PC is pushed onto the stack. So, when RETI is executed at 
the end of the interrupt service routine, the CPU can not return 
from the interrupt correctly. et 
Fig. 86 shows the CALL execution timing in INT, Mode 0. 


interrupt 
service 
routine 


Tu. 'T1T2TwTtwTl3!TiT2T3 T1T2T3s Ti T1 Te T3T1 TeTs Ti T2Ts 





2 

=| 

oO 
——— 


Ao—A18 


= 


= 


m 





Starting 
Address | 


“ ——— 
— 


{CCL 


—— 


' / 
7 L sf 
feces iene elas ae ee a ee . ne ee 


| The return address+ 2 in the PC is pushed onto the stack. ! 


Figure 86 The CALL Execution Timing in INT , Mode 0 
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(3) Countermeasure Table 18 Stack Contents Adjustment 
The following explains the countermeasure of the problem in 
INT, Mode 0. |__Instruction | Stack Contents Adjustment 






@ RST 
When RST is executed, the correct return address in the PC 
is pushed onto the stack. 
@ CALL 
When CALL is executed, the stack contents must be decre- 
mented by two in the interrupt service routine to return from 
the interrupt correctly. 


RST 


CALL Decrement the stack contents by two 


Other No 
instructions (The PC is not stacked.) 


Table 18 summarizes how to adjust the stack contents depend- The INT, Mode 0 sequences when executing RST and CALL 
ing on the instruction to be executed. are shown in Fig. 87. 
Main Routine 


Interrupt service routine 
RST PC (High) — (SP— 1) 
PC (Low) — (SP— 2) 
SP—2—SP 
Address 
PC—1 


PC FI 
RETI (Pc (Low) <— (SP) ; 


INTo 





PC (High) «— (SP+ 1) 
SP —SP+2 


(a) INTo Mode O Sequence when executing RST 


Main Routine 
Interrupt service routine 
RST PC+ 2 (High) — (SP— 1) 
PC+2 (Low) — (SP— 2) 
SP—2-— SP 


mee ewe ee ere @~ 





Address POP BC 
PC—1 DEC BC | Decrements the stack 
INT o ———~ DEC BC | contents by two 


PC. PUSH BC 
EI 
RETI / PC (Low) =< (SP) 
PC (High) — (SP+ 1) 
SP —SP+2 


(b) INT o Mode O Sequence when executing CALL 
NOTE) PC: PC indicates the return address 


Figure 87 INT, Mode 0 Sequence 
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19 INSTRUCTION SET 
19.1 instruction set overview 

The HD64180 is object code compatible with standard 8-bit op- 
erating system and application software. The instruction set also 
contains a number of new instructions to improve system and soft- 
ware performance, reliability and efficiency. 


New Instructions | Operation 


SLP Enter SLEEP mode 

MLT 8-bit multiply with 16-bit result 

INO g, (m) Input contents of immediate I/O address into 
register 

OUTO (m), g Output register contents to immediate I/O ad- 
dress 

OTIM Block output — increment 

OTIMR Block output — increment and repeat 

OTDM Block output — decrement 

OTDMR Block output — decrement and repeat 

TSTIO m Non-destructive AND, I/O port and accumula- 
tor 

TST g Non-destructive AND, register and accumula- 
tor 

TST m Non-destructive AND, immediate data and ac- 
cumulator 

TST (HL) Non-destructive AND, memory data and ac- 


cumulator 





(1) SLP — Sleep 

The SLP instruction causes the HD64180 to enter SLEEP low 
power consumption mode. See section 5 for a complete description 
of the SLEEP state. 


(2) MLT — Multiply 
The MLT performs unsigned multiplication on two 8 bit num- 
bers yielding a 16 bit result. MLT may specify BC, DE, HL or SP 


registers. In all cases, the 8-bit operands are loaded inio each half of 
the 16-bit register and the 16-bit result is returned in that register. 


(3) INO g, (m) — Input, Immediate I/O address 

The contents of immediately specified 8-bit I/O address are 
input into the specified register. When I/O is accessed, 00H is out- 
put in high-order bits of address automatically. 


(4) OUTO (m), g — Output, immediate I/O address 

The contents of the specified register are output to the immedia- 
tely specified 8-bit I/O address. When I/O is accessed, 00H is output 
in high-order bits of address automatically. 


(5) OTIM, OTIMR, OTDM, OTDMR — Block I/O 

The contents of memory pointed to by HL is output to the I/O 
address in (C). The memory address (HL) and I/O address (C) are 
incremented in OTIM and OTIMR and decremented in OTDM and 
OTDMR respectively. B register is decremented. The OTIMR and 
OTDMR variants repeat the above sequence until register B is de- 
cremented to 0. Since the I/O address (C) is automatically incre- 
mented or decremented, these instructions are useful for block I/O 
(such as HD64180 on-chip I/O) initialization. When I/O is ac- 
cessed, OOH is output in high-order bits of address automatically. 


(6) TSTIO m — Test I/O Port 

The contents of the I/O port addressed by C are ANDed with 8- 
bit immediate data and the status flags are updated. The I/O port 
contents are not written (non-destructive AND). When I/O is ac- 
cessed, 00H is output in higher bits of address automatically. 


(7) TST g — Test Register 

The contents of the specified register are ANDed with the ac- 
cumulator (A) and the status flags are updated. The accumulator 
and specified register are not changed (non-destructive AND). 
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(8) TST m — Test Immediate 

The 8-bit immediate data is ANDed with the accumulator (A) 
and the status flags are updated. The accumulator is not changed 
(non-destructive AND). 


(9) TST (HL) — Test Memory 

The contents of memory pointed to by HL are ANDed with the 
accumulator (A) and the status flags are updated. The memory 
contents and accumulator are not changed (non-destructive AND). 


19.2 Instruction set summary 
The followings explain the symbols in instruction set, and the 
following tables summarize the operation of each instruction. 


(1) Register 

g, g’, WW, XX, yy, and zz specify a register to be used. g and g’ 
specify an 8-bit register. ww, xx, yy, and zz specify a pair of 16-bit 
registers. The following tables show the correspondence between 
symbols and registers. 





NOTE: Suffixed H and L to ww,xx,yy,zz (ex.wwH,IXL) indicate 
upper and lower 8-bit of the 16-bit register respectively. 


(2) Bit 

b specifies a bit to be manipulated in the bit manipulation in- 
struction. The following table shows the correspondence between b 
and bits. 








HD64180R 









Condition 


[000 [NZ non zero 
foo | Zzero 
[O10 [NC non carey 
[100 [PO pari odd 
[TOT | PE perity even_| 
[MT sign nas 


(4) Restart Address 
V specifies a restart address. The following table shows the cor- 
respondence between v and restart addresses. 


eae 





(5) Flag 
The following symbols show the flag conditions. 
- : not affected 
affected 
undefined 
set to l 
reset to 0 
parity 
overflow 


<'UKHNX— 


(6) Miscellaneous 


( dy data in the memory address 
( ») data in the I/O address 
morn 8-bit data 
mn : 16-bit data 
r : §-bit register 
R : 16-bit register 
b-( = )yy—Ss soa content of bit b in the memory address 
b-gr : acontent of bit b in the register gr 
dorj : §-bit signed displacement 
S : source addressing mode 
D : destination addressing mode 
AND operation 

+ : OR operation 

(3) Condition & : EXCLUSIVE OR operation 

f specifies the condition in program control instructions. The fol- 
lowing shows the correspondence between f and conditions. 
@ HITACHI 


Hitachi America Ltd. ¢ 2210 O’Toole Avenue e San Jose, CA 95131 ¢ (408) 435-8300 459 


HD64180R 


Data Manipulation Instructions 


Arithmetic and Logical Instructions (8-bit) 














Ar+ gr-Ar 
Ar+ (HUy—Ar 
Art+ m—Ar 


Art (X+ diy Ar 


Art (¥+ dia Ar 


S) ° oo°0 
rs rs a on 


Art+ gr+ c—Ar 
Art (HUm+ c—Ar 
Art+ m+ c—Ar 















Art 0X+ d)y+ c—Ar 


Art (IY + dlyt c—Ar 


oS o o 9° 98 
—_ —_ 
> > a D 


* (X+ dy—-Ar 









-¥+ dh Ar 


Oo o o o 90 9 
a —_ 
> > a oOo 





D 6 
CP (iX+ d) D Ar— (X+ dy 
CP (i¥+d) D Ar— (Y+d)y 


4 
6 
14 
14 


= ES CA 


DEC g gr 1-~gr 
DEC (HL) 10 (Hig 1+ (HL) 
DEC (X+ d) 18 (IX+ dy 1 
(X+ di 
DEC (IY+d) 18 (¥+ dy 1 
(V+ dha 
4 gr+ 1—gr 
| | 10 (HU + 1 (HU 
18 | iX+dhet 1 
(X+ diy 
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(to be continued) 








SUB g 
SUB (HL) 
SUB m 


SUB (X+ d) 


SUB UY + d) 


XOR g 
XOR (HU) 
XOR m 


XOR (IX+ d) 


XOR (V+ d) 





11.101 101 
01 ww 100 


10110 g 
10 110 110 
11.110 110 


< om 


11 O14 101 
10 110 110 
< od 
11111 101 
10110 110 
< 


10010 g 
10010 110 
11010 110 
< oem > 
11.011 101 
10010 110 
< d > 
11:111 += «101 
10010 110 
< 


10011 g 
10 011 110 
11011 110 
< om 

11011 101 
10 011 110 
< d 

11.111 101 
10011 110 


101 


11.101 101 
00 110 100 
11.101 101 
01 100 100 
< 


10 101 g 
10 101 110 
11.101 110 
< om 
11.011 101 
10 101 110 
< d 
11.111 101 
10 101 110 
< 
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(V+ dyt+1— 
(V+dy 


Ar + (Hl) Ar 


Ar+m-—Ar 


Ar + (IX + dlw—Ar 


Ar+ (IY + diyw—Ar 


Ar— gr-Ar 
Ar— (HL) Ar 
Ar— m—Ar 


Ar— (X+ d)w—Ar 


Ar— 0¥ + dlw—Ar 


Ar— gr—c—Ar 
Ar— (HU) — c—Ar 


Ar—m—c-Ar 


Ar (IX+ dly—c—Ar 


Ar— WY + diy c—Ar 


Ar ® (HU)q—Ar 
Ar ® m—Ar 


Ar & (X+ dlw—Ar 


Ar @ (IV + dly—Ar 


(to be continued) 
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Rotate and Shift Instructions - 


a ae) oe 


Rotate 

and | Rig 
Shift 

Data RL (Hi) 


RL (ix+d) 


RL (iY¥+d) 


RLCA 
ALC g 


RLC (HL) 


RLC (X+d) 


ALC (Y+d) 


RLD 


RRA 
RR g 


RA (HL) 


RR (X+ d) 


| RR (V+) 


| RRCA 
RRC g 


RRC (HL) 


RRC (X-+ d) 


RRC (IY +d) 
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00 010 
11 001 
00 010 
11 001 
00 010 
HO 
11 001 
< od 
00 010 
11:°111 
11 001 
< od 
00 010 
00 000 
11 001 
00 000 
11 001 
00 000 
11011 
11 001 


< od. 


00 000 
41111 
11 001 


ze 
| 00 000 


11 101 


| 01 101 
' 00 O11 


11 001 
00 011 


+ 17 001 


00 011 
11011 
17 001 
< d 
00 011 
11111 
11 001 
< od 
00 011 
00 001 
11 001 
00 001 
11 001 
00 001 
11011 
11 001 
< da 
00 001 
11:111 
11 001 
< od 


; OO 001 


111 
011 
9 
o11 
110 
101 
oll 
> 
110 
101 
011 
> 
110 
111 
O11 
9 
011 
110 
101 
011 
> 
110 
101 
011 
> 
110 
101 


111 
111 
011 
9g 
011 
110 
101 
011 
> 
110 
101 
oti 
> 
110 
111 
011 
9g 
011 
110 
101 
011 
> 
110 
101 
O11 
> 
110 





EAL raca 





i ies ™ 
7 





S/O 
s/D 
S/D 
$/d 
$/O 
$/D 
$/D 
$/O0 
$/0 
LITTET TD Ar 
bo 
$/D 
$/D 
s/D 
$/D 
$/0 
$/D 
s/D 
$/D 
$/D 
$/O 
$/D 


(to be continued) 
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aaa OP-code 
name 


Rotate 
and 
Shift 
Data 


RRD 


SLA g 


SLA (HL) 


SLA (IX+ d) 


SLA (Iv + d} 


SRA g 


SRA (HL) 


SRA (IX+ d) 


SRA (V+ d) 


SRL g 


SRL (HL) 


SRL (IX+ d) 


SRL {IY + d) 
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11 101 
01 100 
11 001 
00 100 
11 001 
00 100 
11 011 
11 001 
< d 
00 100 
11:111 
11 001 
< od 
00 100 
11 001 
00 101 
11 001 
00 101 
11 O11 
11 001 
< od 
00 101 
11411 
11 001 
< od 
00 101 
11 001 


00 111 
11 001 
OO 111 
11011 
11 001 
< od 
00 111 
11:911 
11 001 
< d 
00 111 


101 
111 
011 
9g 

o11 
110 
101 
011 


110 
101 
011 


110 
O11 


011 
110 
101 
011 


110 
101 
011 


110 
o11 


om 
110 
101 
011 


110 


101 


O11 


110 


paveo| ext | wo | rec | ec | we | re | 
$/0 
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Bit Manipulation Instructions 


Operation Addressing 
MNEMONICS OP-code pte 
name 
| jwave| ext | wo | REG | Rec | we | REL | 
Bit Set 


SET bg — 11.001 011 
11 b 9 
011 
110 
101 
O11 









SET b, (HU) 










SET b, (IX+d) 


110 
101 
011 




















SET b, (i¥+d) 





- OV+dly 


110 


RES bg 


RES b, (HL) 


RES b, (K+) 


RES b, (V+ d) 


BIT bg 


BIT b, (HU) 


BIT b, (X+ d) 


BIT b, (V+) 


€@ HITACHI 
464 Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 








HD64180R 


Arithmetic Instructions (16-bit) 













Addressing 
States Operation 
palate [a feteTe| 
D 10 
D 10 
D 


ADC HL,ww 11 101 HLa+ wwrt c—HLa 
01 wwt 010 
WWrpr- 1 wwe), 
S/D IXa~- 1 IXa 
$/D VYa- 1—lYa 
00 100 011 =u 


SBC HLww 11101 101 
01 ww0 010 


Xat xxg— XR 


Yat yyn—lY¥p 











(to be continued) 
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Data Transfer Instructions 


8-Bit Load 


466 


LD g.g’ 


LD g, (HU) 


LD gm 


LD g, (iX+d) 


LD g, (V+a) 


LD (HL).m 


LD (ix+d),m 


LD (IY+d),m 


LD (HL).g 
LD (IX+ d).g 


LD (I¥Y+d).g 


neo] ot ve fee [re ve foe 


@ HITACHI 


ee; Gee 


gr'—gr 
(HU gr 


m—gr 


(X+ dyer 


(V+ du—or 





7 6 4 2 


ls z HPN N C| 
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16-Bit Load 


00 ww0 001 





LD ww, mn 
16-bit 
Data 









LD SP, HL 
LD SP, IX 







LD SP, IY 







LD ww, (mn) 
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pa [oe [a Toso Te | 






7 6 4 2:10) 10) 
PV N C 





States Operation ere 4 
Is ZH PVN C| ZH 

















HLa—-SPp 
| IXp-—-SPp 


Yao SPr 


(mn+ 1) wwHr 


(mn)y— wwe 


(mn+ 1)y—Hr 


(mnly— lr 


(mn+ 1)y—i<Hr 







(mn) XL 


(mn+ 1)y—lYHr 
(mony lYLr 









wwHr—(mn+ Tay 


wwir— (mn) 


Hr—-(mn+ 1) 


Lr— (mn)y 











IXHr— (mn-+ tay 
IXLr— (mn 


IYHr— (mn+ 1)y 
IYir— (mnby 


(to be continued) 
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Block Transfer 


name 
cas 
Block 





HL_p— 1—HLa 

BCR#0 Ar# (HL, 

BCa=0 or Ar= (HU 

Ar— (HU 
Qa & 1—BCR 
HlLa~ 1—Hig 

Repeat Q until 

Ar= (HU or BCp= 0 

Ar— (HU 

BCra- 1—-BCr 

Hiat 1—Hig 

BCR#0 Ar# (HU 

BCa=0 or Ar= (HU 

Ar~ (HLhy 
Qa BCa— 1—BCa 
Hliat 1—-HL» 

Repeat Q until 

Ar= (Hi)y or BCa= 0 

(HUm— (DE, 

BCa~ 1—BCR 

DER— 1—~DEa 

HLa— 1—-HLa 
14BCa+0) HU Eby 

=0) | Q] BCa- 1—BCa 
DEa— 1—DEa 
Hla 1—HLa 
Repeat QO until 
BCa=0 
; (HU (DEby 

BCa~ 1—BCa 

DEg+ 1--DE, 

Hiat+ 1—Hia 
14(8Ca+0) (HU (DE 
12(BCa=0) | Q] BCa— 1—-BCR 

DEgt 1—DE, 

HLat 1—HL_ 
Repeat Q until 
BCp=0 


@ PN=0: BCa— 1=0 
PV=1 : BCa— 1#0 

@ 2=1: A=HUy 
2=0 : Art (HUy 
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Stack and Exchange 


zzLr—(SP— 2) 
zzHr—(SP— 1)y 
SPp— 2—-SPr 
PUSH Ix IXLr— (SP— 2)xy 
IXHr—-(SP— 14 
SPa— 2--SPp 
PUSH IY I¥YLr—-(SP— 2) 
IYHr—(SP— 1, 
SPa— 2--SPR 


(SP+ 1)y—zzHr 
(SPhy—zzbr 
SPa+ 2--SPR 
(SP+ 1)y—(XHr 
(SP)y—IXLr 
SPat 2—-SPp 
(SP+ Vy—IVHr 
(SP)q—IYLr 
SPp+ 2—-SPp 
AFR>— AFR’ 
DEg-—HLa 
BCa-—BCp’ 
DEng-—~ DEp’ 
1 HLa-—HLp’ 

EX (SP),HL Hr-—(SP+ Ty 
Lr-—(SPhy 

EX (SP),IX IXHr-— (SP+ 1)ay 
IXLr-— (SPhy 


EX (SP),IY WHr— (SP+ thy 
IYLr-—(SPhy 





© HITACHI 
Hitachi America Ltd. ¢« 2210 O’Toole Avenue * San Jose, CA 95131 © (408) 435-8300 469 


HD64180R 





Program Control Instructions 


Addressing 


racer [wo [we [ma] Tm] 


PCHr—(SP— 1)y 
PCLr—-(SP— 2hy 
mn—-PCp 

SPa— 2--SPr 
continue:f is faise 
CALL mn<f is true 


9 (Br#0) 

7 (Br=0) 
Br- 1~—Br 
continue:Br= 0 
PCat j--PCa:Br#O 

6 (f :false) 


9 (f : true) 
mn—PCa:f is true 


continue: is false 


Hl_—PCr 
IXp—-PCy 


Vr—-PCa 
PCat j—-PCp 


continue: C=O 
PCat+j—-PCR: C= 1 


continue: C= 
PCat j--PCa: C=O 


continue: Z=0 
PCat j--PCa: Z2=1 


continue: Z>= 1 
PCat j—-PCr: Z=0 


(SPhy—-PCLr 
(SP+ 1}y-—-PCHr 
SPa+ 2—SPR 

5(f :fatse) continue:f is false 
RET: f is true 


(SP)y—PCLr 
(SP+ I)4--PCHr 
SPat 2-—~SPp 
(SPhyw PCLr 
(SP+ Thy PCHr 
SPat+ 2—-SPa 
lEF2— (EF, 





(to be continued) 
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| ae | 
name 
reser [oo [ves [ra [wr [| cre 


1/O instructions 
mee | om 
name 
INPUT 


11.011 O11 (Am) Ar 

< m m—Ao~Az 
Ar—As~Ais 

11 101 (8C)—gr 

Olg g= 110: Only the 
flags wil 
change. 
Cr~Ao~Ar 
Br-—-As~Ais 
(OOm)—gr 
g= 110: Only the 
flags wil 
change. 
m—~Ao~Az 
00—~As~Ais5 
(BC) (HUm 
HLa— 1—HLa 
Br 1—B8r 
Cr--Ao~Az 
Br—-As~Ais 

(BC) (HU 
Q] Hlp— 1—Hl, 
Br—- 1—Br 

Repeat QO until 
Br=0 
Cr-Ao~Az 
Br-Ae~Ais 


PCHr—(SP— hy 
PCLr—-(SP— 2hy 
O—PCHr 
v—PCLr 

SPa— 2--SPr 








(BCh— HU 
HLat+ 1—HLa 
Br— 1—Br 
Cr-Ao~Az 
Br—-As~Ais 
14(Br3#0) (BCh— (HU 
12(Br= 0) Q | HLat 1-H» 
Br— 1—Br 
Repeat Q until 
Br=0 
Cr-Ao~Az 
Br-As~Ais 





(to be continued) 
@ Z=1: &r-1=0 
Z=0 : Br—1#0 
@ N=1: MSB of Datae=1 
N=0 : MSB of Data=0 
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Se oa 
name 
ee ee 


OUTPUT OUT (m),A 11.010 011 Ar—(Am), 
, < om > m—Ao~A7 
Ar—Ae~Ais 
OUT (C)g 11.101 101 s ‘|oo 2 10 gr (BC), 
01g 001 Cr—Ao~Az 
Br--As~Ais 
QUTO (m).g 11.101 101 s D 3 13 gr— (00m), 
00 g 001 m—-Ao~Az 
< m > . 00—As~Ais ® @ 
OTDM 11.101 101 Ss D 2 14 (HL (00C), It PP ob 4d 
10 001 011 | Hig— 1—HLa 
Cr—1—Cr 
Br— 1—Br 
Cr--Ao~Az 
00—As~Ais ® 
OTDMR 11.101 101 s D 2 16(Br+0) {HU)m—(00C), RS R S f[ R 
10011 011 14(Br=0) Q] Hig— 1—HLa, 
Cr-1--Cr 
Br— 1—Br 
Repeat Q until 
Br=0 
Cr--Ao~Arz 
00—-As~Ais 
OTOR 11.101 101 s D 2 14(Br#0) (HU (BC), x Ss Xx eo x 
10 111 011 12(Br== 0) Q | Hia— IHL, 
Br- 1—Br 
Repeat Q until 
Br=0 
Cr-Ao~Ar 
Br~As~Ars ® © 
ouTl 11.101. 101 s D 2 12 (HU (BC), Xx $~ X X f$ X 
110100 011 Higt+ 1—-HLa 
Br-- 1~-Br 
Cr—~Ao~Ar 
Br~As~Ais @ 
oTR 11.101 101 s D 2 14(Br*0) (HU (BC), xX S$ X X { X 
10 110 011 12(Br=0) =| QO] Hig+1—HL, 
Br- 1—Br 
Repeat O until 
Br=0 
Cr~Ao~Az 
Br--As~Ai5 
TSTIO m 11.101 101 s s 3 12 (00C), -m 1 1S PRR 
01110 100 Cr~Ao~Ar 


<< m > 00—As~Ai5 


(to be continued) 
@ 2=1: B—-1=0 
Z=0 : Br- 1#0 
N= 1 : MSB of Data=1 
N=0 : MSB of Data=0 
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(Ua (00C), 
Hlat+ 1—HLa 
Cr+ 1—Cr 
Br- 1—Br 
Cr-Ao~Az 
00-—-As~Ais 
16(Br#0) (Hy (000), 
14(Br= 0) HL_t 1—HLa 
Cr+ 1—-Cr 
Br— 1—Br 
Repeat Q until 
Br=0 
Cr—Ao~Az 
00—-As~Ais 
(HU (8Ch 
Hla— 1—-Hla 
Br— 1—Br 
Cr-~-Ao~Az 
Br~-As~Ais 





@ z=1 :8r—1=0 
2=0 : Br—1#0 

@ N=1 : MSB of Data=1 
N=0 : MSB of Data=0 


Special Control Instructions 


O—IEF 1, O—-1EF2 ©) 
1(EF 1, 1—EF2 ©) 
CPU halted 

interrupt 

mode 0 


a Www Ww 


6 
6 
3 
8 





(5) Interrupts are not sampled at the end of DI! or El. 
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20 INSTRUCTION SUMMARY IN ALPHABETICAL ORDER 


| ADC Am 
ADC Ag 
ADC A, (HL) 

| ADC A, (X+d) 
ADC A, (Y+d) 
ADD A,m 

ADD Ag 

ADD A, (HL) 

| ADD A, (X+d) 
ADD A, (Y+d) 

ADC HLww 

ADD HL.ww 

| ADD Xxx 
ADD IY.yy 
AND m 
AND g 
AND (HL) 
AND (X-+ d) 
AND (Y+ d) 

| BIT b, (HL) 
BIT b, (X+ d) 
BIT b, (Y+ d) 
BIT b.g 

| CALL f,mn 


oh 


14 
14 
9 
15 
15 
6 
6 


Nona oF WoOansNnND NHN OO a DO Of BP HO NY OO @D NH BN 


OND & PY W W = 


(If condition is false) 
16 


(If condition is true) 





(to be continued) 
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6 16 


1 3 
12 
14 
(if BCRp#0 and Ar# (HL) 
12 
(If BCp=0 or Ar= (HL) 
6 
12 
14 
(if BCR#O and Ar# (HL) 
12 
(if BCRp=0 or Ar= (HL)y) 
14 
14 


CALL mn 
CCF 
CPD 
CPDR 





























CP (HL) 
CPI 
CPIR 





















CP (IX+d) 
CP (IY+d) 
CPL 
CP m 
CP g 
DAA 
DEC (HL) 
DEC IX 
DEC IY 
DEC (IX+d) 
DEC (iY+d) 
DEC g 
DEC ww 
Di 
























= OY HO © OW W & NY NY NHN 





(to be continued) 
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“DINZitC«dLCi*” 5 | | 9 (If Br#0) 
| 2 3 7 (lf Br=0) 

: | 
4 
3 
16 
19 
19 




















EI 
| EX AF,AF’ 
| EX DEHL 
| EX (SP),HL 
| EX (SP),IX 
| EX (SP),IY 
EXX 

| HALT 
IM 0 
IM 1 
| IM 2 
INC g 

INC (HL) 
INC (X+ d) 
INC (Y+d) 
INC ww 

| INC IX 
| INC IY 
IN A,(m) 
IN g,(C) 
INI 
INIR 















~~ ws OD 









om 









cum 




















ab 







WS W 
















amit 





9 
9 
12 
14 (if Br#0O) 
12 (lf Br=O0) 
1200 
14 (If Br=0O) 





| IND 
| INDR 


Oo ff & © FPF WB W WwW WB HB © @O© FPF NY YP NY HN 


mM HH KH HB HB YP VP BWV 








(to be continued) 
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12 (if Br=O) 


INDR 
INO g,(m) 
JP f,mn 
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12 
6 


(If f is false) 


9 


(If f is true) 


6 
(if condition is false) 
8 
(If condition is true) 
6 


(if condition is false) 


8 
(if condition is true) 
6 
(If condition is false) 
8 
(If condition is true) 
6 
(if condition is false) 
8 
(if condition is true) 





(to be continued) 
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| MNEMONICS 


LD A, (BC) 
LD A, (DE) 
LD AI 
LD A, (mn) 
LD AR 
LD (BC),A 
LDD 
LD (DE),A 































LD ww,mn 





| LD ww,(mn) 


LDDR 


LD (HL),m 
LD HL, (mn) 

LD (HL),g 
| LDI 
LD 1A. 
LDIR 






LD IX,mn 
LD IX, (mn) 
LD (IX+d),m 
LD (ix+d),g 
LD IY,mn 
LD IY,(mn) 
LD (i¥+d),m 

LD (i¥+d).g 






478 





Oo & & & WD FP F&F F&F HY NHB YP HB —|— WO NY LBP NY HP W 
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~y mm f& yw OO DMD SP FF ONY FF WwW A WB FF OD Ww WOW fF WB DH FP ND NH 


1 2 6 






















18 
14 (tf BCp#0) 
12 (If BCg=0) 
9 
15 
7 
12 
6 
14 (if BCp#0) 
12 (if BCp=0) 
12 
18 
15 
15 
12 
18 
15 
15 
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43 






3 


LD (mn),A 








LD (mn),ww 
LD (mn),HL 
LD (mn),|X 
LD (mn),lY 
LD R,A 
LD g,(HL) 
LD g,(IX+d) 
LD g,(lY+ d) 
















LD g,m 
LD g.g’ 
LD SP,HL 
LD SP,IX 
LD SP,IY 
MLT ww 
NEG 
NOP 

OR (HL) 
OR (IX+d) 
OR (IY+d) 
OR m 
OR g 
OTDM 
OTDMR 


anh 
no WB Ww WwW DHS BY OD NHYH NY NAN nN ON 


oa 
oOo wan vn xn ff PP O 


















ok 














- 


4 
14 
16 (if Br#0) 
14 (lf Br=0) 
14 (If Br#0) 
12 (if Br=0) 





-$ Ooo O©@ ON NY OO OD N 





(to be continued) 
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6 14 


16 (if Br#O) 
14 (If Br=0) 
14 (if BrO) 
12 (If Br=0) 
12 
12 
10 
10 
13 
12 
12 
9 
14 
14 
11 
13 
19 
19 
7 
9 
5 
(If condition is false) 
10 
(If condition is true) 
12 
12 





























OUTD 
OUTI 
OUT (m),A 
OUT (C).g 
OUTO (m).g 
POP Ix 
POP IY 
POP zz 
PUSH IX 
PUSH IY 
PUSH zz 
RES b, (HL) 
RES b,(IX+ d) 
RES b,(IY+ d) 
RES bg 
RET 
RET f 















No BS Ww NY NY NY ND NY ND NY DN DN 


















m™ WN WN = 












no P&P & BN 







OW Wn YN OO Oo OO WwW F&F PO PB BP HP BR PO OO O 










(to be continued) 
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RLA 1 1 3 | 


RLCA 
RLC (HL) 
RLC (IX+d) 
RLC (IY+d) 
RLC g 
RLD 
RL (HL) 
RL (IX+ d) 
RL (IY+d) 
RL g 
RRA 
RRCA 
RRC (HL) 
RRC (IX+ d) 
RRC (IY+ d) 
RRC g 
RRD 
RR (HL) 
RR (IX+ d) 
RR (IY +d) 
RR g 
RST v 

SBC A, (HL) 
SBC A,(IX+ d) 
SBC A,(IY+ d) 
| SBC Aim 





=> 
oh 
Ww 















Oo f& fF HB HB YH LP HF BND 
onr vn oo OWN N OO 










_ 
oD 









wd 
soo 



















yo f—& FPF HB NH HB HP HF ND 









ooh 








anh 









no ONO OF WwW nN vn TO DO WO we sn Oo 


yo W W 








(to be continued) 
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SBC A,g 1 
SBC HL,ww 
SCF 

SET b,(HL) 
SET b,(IX+ d) 
SET b,(IY+ d) 
SET bg 

SLA (HL) 
SLA (IX+ d) 
SLA (lY+ d) 
SLA g 

SLP 

SRA (HL) 
SRA (IX+ d) 
SRA (IY+ d) 
SRA g 

SRL (HL) 
SRL (IX+ d) 
SRL (IY+ d) 
SRL g 

SUB (HL) 
SUB (IX+ d) 
SUB (IY+ d) 
SUB m 
SUB g 
TSTIO m 
TST g 


NO 
Oo 





Do & & HS YP €& PNY NH DY A ANY NY HP PDN = 


wo WD W 


5 
7 
7 
3 
5 
7 
7 
3 
2 
5 
7 
7 
3 
5 
7 
7 
3 
2 
6 
6 
2 
2 
4 
3 


(to be continued) 
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TST m 

TST (HL) 
XOR (HL) 
XOR (IX+ d) 
XOR (IY +d) 
XOR m 
XOR g 
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v8v 


OOES-SEr (80r) © LELSG WO ‘eSOf UBS e onuaAy /00L,CO O1Z2 © “PIT BOVEY 14yoeyH 


IHOVLIH © 


Table 18 1st op-code map 


21 OP-CODE MAP 









instruction format : XX 


3 
AD An [SUB m[ANO m[OR m| 6 _| 
RET f 


| CRET #8 
JP (HL)| LD SP, 
HL 


JP f,mn 


| CP fm A 
LD g,s ADC A|S8C A/XOR s/ CP s | Tabie2 [NA (mEDEHLT EI [| BI 
CALL f,mn 


LC 

EE eee een mane nee mes means eens eames! eee CALL mn} nores)| Tabies |otes)| D_| 

LD gm __|_______NOTE2)______| NOTE2) | NOTE?) | NOTE2)| NOTE2) ADC Am} SBC Am] XOR m{CP m| E _| 

| A [1111] F [RRCA| RRA | CPL | CCF | J RST FC 


HELE TE LAL CET ELA 


NOTE?) (HL) replaces g. 
2) (HL) replaces s. 
3) If DDH is supplemented as 1st op-code for the instructions which have HL or (HL) as an operand in Table 18, the instructions are executed 
replacing HL with IX and (HL) with (IX+d). 
ex. 22H: LD (mn), HL 
DDH 22H: LD (mn), Ix 
If FDH is supplemented as 1st op-code for the instructions which have HL or (HL) as an operand in Table 18, the instructions are executed 
replacing HL with IY and (HL) with (IY+ d). 


ex. 34H: INC (HL) 
FDH 34H : INC (IY+d) 
However, JP (HL) and EX DE, HL are exception and note the followings. 
if DDH is supplemented as 1st op-code for JP (HL), (IX) replaces (HL) as operand and JP (IX) is executed. 
If FDH is supplemented as 1st op-code for JP (HL), (IX) replaces (HL) as operand and JP (IY) is executed. 
Even if DDH or FDH is supplemented as 1st op-code for EX DE, HL, HL is not replaced and the instruction is regarded as illegal instruction. 


YO8Lv9GH 


O0E8-SEr (80r) © LELG6 VO ‘esOf ues «© ONUsAY 9/00L,O OLZZ © ‘PIT BOWeWY 1yoeyH 


G8v 


IHOVLIH @ 


Table 19 2nd op-code map 
Instruction format : CB XX 






b (LO=0~7) 

PO; 2/4/6/o0/2]4]6/]o0/2{[4]{ 6] 
|(0000| 0001 |0010/0011/0100/0101/0110/0111| 1000] 1001| 1010] 1011/1100] 1101] 1110/1111] 
POT’; 2,374] 5])]6e6;7;/s{[a};aA}] Bi] c{ oOo] EE] F. 















i 





2 
(>) 
oa 
DD 
~ 
oa 
< 
oa 


BIT b,g 





RES b,g 





SET b,g 









NOTE1) | NOTE1) | NOTE1) 


NOTE1) NOTE1) NOTE1) 


me eae eee ae ee eae eee ee 


BECEEEE 
eo) 





(HI= ALL) 


= = 
= 
ob 
{m[efofa>tel=|soleleleile 


BIT b,g 





RES b,g SET b,g 








NOTE1) NOTE1) NOTE1) 







mb om 
omsh 
=_ab 


11] F 








b (LO=8~ a 


NOTE1) If DDH is supplemented as 1st op-code for the instructions which have (HL) as operand in Table 719, the instructions are executed replacing 
(HL) with (IX+qd). 
If FDH is supplemented as 1st op-code for the instructions which have (HL) as operand in Table 19, the instructions are executed replacing (HL) 
with (IY +d). 


Y¥O8lLV90H 
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a 
Z|. =~ 3|5 
le =e 


IT RRD | 
IN_g, (C) 
OUT (C),g 
ADC HL,ww 
LD ww, (mn) 








Oo 
oo = aA 
g | Feres |] Se f 
a bore 00 a - 
ae ol ol- - 
a ® olg/-/gi- DS =|2 
o£ ees ke ~1© 
ES > 
s¢ . 
a3 
3 sole [fale fe fay 
Se 
vn £ 
° —|8ls 
N = |O|O 
2 
s+] 
- 
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22 BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE 


* (ADDRESS) : invalid 


HD64180R 


Z (DATA) : high impedance. 













serials States DDRESS 
Cycle A DATA 
1st op-code Ist 
MC: | T:1T2T3 Address 
ADD HL,ww 
MC2 
~MCs | TIiTITiTi 
1st op-code 
MC: | T1T2Ts Address 
2nd op-code 2nd 
MC2 | T1Te2Ts Address | 
MC3 
~MCe | TiTiTiTi 
1st op-code Ist 
MC; | TsT2T3 Address op-code 
2nd op-code 2nd 
TiT2T3 Address 
MC3 
~MCe | TiTiTiTi 


1st op-code 1st 
MC; | T1T2T3 Address 


id f 
$ 


3 
: 


ADD iX,xx 
ADD IY,yy 





ADC HL,ww 
SBC HL,ww 


: : 
i : 










ADD A,m 
ADC A,m 
SUB m 
SBC A,m 
AND m 
OR m 
XOR m 
CP m 


Ss 
© 
a 
wn 
ot 
>- 
a4 
q8 
3 
83 
: 





ei 8 
2 2 
= = 
I 
La 
a2 
a 
a 
g 















ADD A, (HL) 
ADC A, (HL) 


z 
© 
ma, 
x! 
a 
> -= 
a 
$y 

3 
® 
2 


SuB (HL) op-code 
SBC A, (HL) 

AND (HL) 

OR (HL) 

XOR (HL) MCz2 | T1T2Ts HL DATA 
CP (HL) 





ADD A, (IX+d) 


1st op-code 1st 
TiT2T3 Address 


ADD A, (I¥+d) op-code 
ADC A, (IX+d) 

ADC A, (¥+d) 

SUB (IX+ d) 2nd op-code 

SUB (IY+ d) MC2 | T:1T2Ts Address 

SBC A, (IX+d) 
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_ {Machine 
| Instruction Cycle | 


ADDRESS 






















SBC A, (IY+d) 1st operand 
AND (IX+ d) MCs | TiT2Ts° Address | | 
AND (Y+qd) : | - 
OR (IX+ d) MC, 
OR (I¥Y+d) | ~MCs } TiTi Zz 
XOR (iX+ d) 
XOR (IY +d) | 
| CP (iX+d) 





X+d 
MCe | TiT2Ts Y+d DATA 
1st op-code Ist 
TiTeT3 Address op-code 
2nd op-code 2nd 
TiT2T3 Address re) 


CP (IY+d) 
MC; 
MCe2 


1st op-code ist 
TiTeTs Address op-code 


2nd op-code 2nd 
MCo | T1TeTs Address op-code 
1st op-code 1st 
TiTeT3 Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 


MC, 


g 


BIT b, (HL) 


MC; 


MCo 







BIT b, (IX+ d) 1st operand 
BIT b, (Y+d) MC3 | TiT2Ts Address 


| IX+d . 

MCs | TiTeTs Yt+d 1 DATA 

1st op-code ist 
TiT2T3 Address op-code 

1st operand 
MCo2 | TiTeTs Address 
- | 2nd operand 

‘MCs | T1iTeTs Address 


MC4 i 


i Z 
MCe | Tile2Ts PCL 


MC, 


3rd op-code 3rd 
MC, | TiTeaTs Address op-code 





1 CALL mn 










1st op-code 1st 
seeamill MC: | TiTe2Ts Address op-code 
(If condition 
is false) 1st operand 
MCe2 j TiToTs Address 





(to be continued) | 
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Machine Se pees 
Cycle ADDRESS DATA HALT } ST 
Ist op-code 1st 
MC; | T1T2Ts Address op-code 
1st operand 
MC2 | TiT2T3 Address 
2nd operand 
MC3 | T:T2T3 Address 
Ist op-code 1st 
TiT2T3 Address op-code 
Ist op-code 
TiT2T3 Address op- ee 
2nd op-code 
TiTe2T3 oo ee 


~ MCs Be alle 
= op-code 
TiTeT3 Address Lie 
















CALL f,mn 
(If condition 
is true) 












CPIR 2nd op-code 
CPDR TiT2Ts Address ain 
(tf BCp~O and 


Ar# (HL)y) 


1st op-code 1st 
TiT2T3 Address op-code 


[espn [EE 
CPDR TiTaTs Address op-code 
(if BC,=O or 


ns = 
1st op-code 
TiTe2T3 Address kien 
1st op-code 
TiTeT3 Address od 
ist op-code 
TiTaTs Address en 


(to be continued) 


© HITACHI 
Hitachi America Ltd. © 2210 O’Toole Avenue « San Jose, CA 95131 © (408) 435-8300 489 


HD64180R 


490 





DATA 


Machine 
Instruction ADDRESS 
Cycle 


1st op-code 
TiTeTs Address 
DJNZ j 
(tf Br) 1st operand 
TiT2T3 Address 


1st op-code ist 
Address op-code 


1st operand 
TiTe2T3 Address 
ist op-code 
TiT2T3 Address nen 
= ce HL 1st op-code 
TiT2T3 Address 










° 
ne] 
1 


-_ 
Ne 


TiTe2Ts 


DINZ j 
| (tf Br=0) 





Ti" 


83 z|$ # 
7 : 


| 1st op-code 
T1TeT3 Address _— 


1st op-code 
‘T1iT2T3 Address 
TiT2T3 SP+ 1 DATA 


TiT2T3 ae 1 


T1T2T3 


1st = 
T1iT2Ts Address ae 


2nd op-code 
TiTeTs Address aan 


TiT2Ts SP+ 1 DATA 


“1 DMA, REFRESH, or BUS RELEASE cannot be executed after this state. (Request is ignored) {to be continued) 


EX AF, AF’ 


MC3 


EX (SP), HL 


MCa 


MCs 
MCe 


-MC; 





MC2 







| EX (SP),Ix 


| EX (SP),IY MCs 


MC, 


MCs 
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Machine cig \TALT 
1st op-code 
TiTeT3 Address eat 
HALT 
- Next op-code 
Address ode 


1st op-code 
T1iT2T3 Address 
INC g 
DEC g 


2nd op-code 
TiT2T3 Address ese 
INC (HL) 
DEC (HL) 


1st op-code 
TiT2T3 Address 
Pt 
INC (IX+ d) 
INC (IY+ d) 












EX (SP), IX 
EX (SP), IY 





o=_ 

Ra 

Q 
ney 

@ 


2\$ 2 







1st op-code 
T1T2T3 Address 
a 
on ee 
1st op-code 
TiT2T3 Address = 
2nd op-code 
TiT2T3 Address 
1st operand 
TiTaTs Address 


Re pre 


IX+d 
TiT2T3 Y+d DATA 
a 
IX+d 
TiT2T3 Y+d DATA 
ist op-code 
TiTaTs Address 
ans 
1st op-code 
T1T2Ts Address 
2nd op-code 
| TiTe2T3 Address see 


DATA 


DEC (IX+ d) 
DEC (IY +d) 


7 e3 ea) [ge 


fe) 
2/3 2 
$ 
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| Machine | oe. | pe eee eas |e 
Instruction Cycle States ADDRESS DATA WR OE LIR | HALT | ST 







| 1st op-code 1st 
MC; | TiT2T3 Address op-code 
i 1st operand 
MC2 | T1Te2Ts Address 
| | m to Ao~Az 
MC3 | TiTeT3 A to As~Ai5 DATA 
a | 1st op-code 1st 
i} MC: | TiTe2Ts Address op-code 
IN g(C) 2nd op-code 2nd 
tec | MCo | TiT2Ts Address op-code 
| ist op-code 1st 
MC; | TiT2Ts Address op-code 
2nd op-code 2nd 
MCe2 | T1T2T3 Address op-code 
1st operand 
MC3 | TiT2Ts Address 


| IN A,(m) 


| m to Ao~Az 
MCa4 | TiTeTs OOH to As~Ais 
1st op-code 1st 
MC; | TiTe2Ts Address op-code 
2nd op-code 2nd 
MCe2 | T1Te2T3 Address 
1st op-code 1st 
MC: | TiT2Ts Address op-code 


3 






| 2nd op-code 2nd 


MC2 Address op-code 


INIR 
| INDR 
(If Br= 0) 





> 
Sy 
> 


oO 
> 
> 


MCs | T1T2T3 
Ca 


Lad 
MCs 
—~MCe | TiTi 
1st op-code ist 
MC; | TiTeaTs | Address op-code . 


BC 
M HL 


| 2nd op-code 2nd 
MC2 | TiT2Ts Address op-code 


DATA 


(to be continued) 
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JP f,mn 
(If f is false) 


Machine 
Gyoie: | SNe ADDRESS DATA 
1st op-code 1st 
TiTeaTs Address op-code 
1st operand 
TiTeT3 Address 
2nd operand 
TiTe2T3 Address 
1st op-code 1st 
TiTe2T3 Address op-code 
1st operand 
TiTeT3 Address 
ist op-code ist 
TiT2T3 Address op-code 
1st operand 
TiT2T3 Address 
2nd operand 
TiT2T3 Address 
1st op-code 
TiT2T3 Address oy 
1st op-code 
TiT2T3 Address an 
2nd op-code 
TiTe2Ts Address sure 
1st op-code 
T1T2T3 Address eee 


1st operand 
TiTeaT3 Address 







—_ 


JP f,mn 
(If f is true) 


JP (IX) 
JP (IY) 


JR C,j JR NC,j 
JR Zj JR NZ,j 
(If condition 

is false) 





ge aoe 
1st op-code 
TiT2T3 Address ae 
1st operand 
TiT2T3 Address 
1st op-code 
TiTe2Ts Address en 
1st operand 
TiT2T3 Address 
my fe | ttf. 
1st op-code 
TiTaT3 Address ae 
1st op-code 
TiTe2Ts Address ee 
st operand 
TiTe2Ts 


JR C,j JR NC,j 
JR Zj JR NZj 
(If condition 

is true) 





5 
i 
© 





(to be continued) 
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ADDRESS DATA ca WR 
1st op-code ist 
Address op-code 


‘| Machine 
Cycle 





LD g, (iX+d) 
LD g, (Y+d) 


MC. | T1T2T3 
ees! op-code 

MC, | TiTe2Ts Address ae 
| 2nd op-code 

MC2 | TiT2Ts Address an 


1st operand 
MCs | TiT2Ts Address 
IX+d 
TiTeTs Y+d DATA 
1st op-code 
| T 1T2T3 Address en 


hYT aT 3 
1st op-code last 
TiTeTs Address op-code 
| 2nd op-code 
lilets Address ee 


ist operand 
MCs | TiT2Ts Address 


MC, 

~ MCe Tiriti 
XK+d 

T Tes Y+d 
Ist op-code 

TiT2T3 Address an 
1st operand 

| TiTeT3 Address 


= 
= 


MCe 


MC 


LD (HL),g MC2 


MCs 
MC 
MC2 


| LD (X+d).g 
| LD (Y+d),g 





MC 


MC; 


1 LD (HL),m MC> 


MCs 


Ist op-code 
TiT2T3 Address | sae 


| 2nd op-code 2nd 
T1Te2T3 Address op-code 


MC; 


MC2 


LD (IX+d),m 
LD (IY+d),m 


1st operand 
Address 


2nd operand 
Address 


| X+d 
Y+d 


MCs | TiT2Ts 


MCs | TiTeT3 


MCs a 1T2T3 | DATA 


1st op-code 
ppccies. 


I LD A, (BC) 
| LD A, (De) 


— 


MC; u 1TeT3 heer 





tee be sential 
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Machine 
Instruction Cycle 
LD A, (BC) 
LD A, (DE) 


LD A,(mn) 


LD (BC),A 





1st op-code 
TiT2T3 Address ae 
1st operand 
TiTe2Ts Address 
2nd operand 
TiT2T3 Address 1 
1st op-code “| 
TiT2T3 Address op- ae 0 
= co aE CACHES 
Ist op-code 
TiT2T3 Address ee 
1st operand | 
TiT2T3 Address 
| 2nd operand 
TiT2T3 Address 


LD (DE),A 


LD (mn),A 





~” 4 










1st op-code 1st 
Tile2T3 Address op-code 
2nd op-code 
TiT2T3 | Address see 
1st op-code 1st 
Ti tans, Address op-code 
1st operand 
TiT2T3 Address 
2nd operand 
TiTe2T3 Address 
Ist op-code 
| T1T2Ts Address ead 
2nd op-code 
TiT2T3 | Address ae 
last operand 
TiTeT3 Address 
| 2nd operand 
TiTe2Ts Address 
1st op-code 
TiTe2Ts Address ae 
1st operand 
TiTeTs Address 


FETT 
















1 LD iX,mn 
| LD l¥,mn 






LD HL, (mn) 





(to be continued) 
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LD ww,(mn) 


LD 1X,(mn) 
LD IY,(mn) 
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= 
> 
° 
2. 
| 
® 
wo” 
PY 
& 
“a 
oO 
7] 
P] 
m 
n 
” 
Oo 
» 
> 










2nd operand 
TiT2T3 Address 
ome fo 
1st op-code 
TiTe2T3 Address eat 
2nd op-code 
TiTaTs Address nee 
1st operand 
TiTeTs3 Address 
2nd operand 
TiTeTs Address 
fom | 


of 


1st op-code 
TiTeT3 Address op- 


1st operand 
TiTaTs Address 
2nd operand 
TiT2T3 Address 
1st op-code 
TiT2T3 Address ome 
1st operand 
TiTaTs Address 
2nd operand 
TileTs Address 
a 
fron fe 














HD64180R 









DATA 


Machine 
Cycle ADDRESS 


1st op-code 1st 


Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 


| 1st operand 
1T2T3 Address 
2nd operand 
TiT2T3 Address 


T 
T 
T 











LD (mn),ww 


Ist op-code 1st 

TiT2T3 Address op-code 
| 2nd op-code 2nd 

TiTe2T3 Address op-code 


i 
1st operand 
| T1T2Ts | Address 
LD (mn),IxX 2nd operand 
| LD (mn),lY TiT2Ts Address m 


N 






IXL 
TiTeT3 YL 
| IXH 
TiTeTs mn-+ 1 YH 
1st op-code 1st 
TiTe2T3 Address op-code 
‘ 
1st op-code 1st 
TiTe2T3 Address op-code 
2nd op-code 2nd 
TiT2Ts | Address | op-code 
nf é 
1st op-code 
TiTe2T3 Address op-code 
2nd op-code 2nd 
TiT2Ts Address op-code 


LD SP, HL 


— 
”n 
+ 


LD SP,IX 
LD SP,IY 


M 
M 


DATA 


MC; 
MC2 
MCs 
MC, 
MCs 
MCe 
MC; 
MC: 
MC2 
MCs: 
MC, 
MCs 
MCe 
MC; 
MC; 
MC2 

bt 
MC2 
MCs; 
MC; 

Ce 
MCs 
MC. 


DATA 





(to be continued) 
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ADDRESS 


= 
o 
° 
2. 
5 
® 


1st op-code 
MC; | T:iTeTs Address op-code 
2nd op-code 2nd 
MC2 | T1T2Ts Address op-code 
MCs 
~MCe | TiTi 
1st op-code 1st 
MC: | TiT2Ts Address op-code 
2nd op-code 2nd 
MC2 | TiTeTs Address op-code 
1st op-code 1st 
MC: | TiTeTs Address op-code 
2nd op-code 2nd 
MCe2 | T1T2Ts Address op-code Oo 
T 


iTiTiTi 








E 
BE 






LDIR 
LDDR 
(tf BCp#0) 














9 
> 
> 


LDIR 
LDDR 
(if BC,=0) 


9 
ca 
> 






MCs | TiTiTiTi 


—~MCis] TiTiTi 


1st op-code 1st 
MC; | TiT2Ts Address op-code 

2nd op-code 2nd 
MCz2 | TiTeTs Address 0 


a 


Ist op-code 1st 
MC; | T1To2Ts Address cop-code 
1st op-code 1st 
Ci | TiT2Ts Address op-code 
1st operand 
Ce | T1T2Ts Address 


de 
m to Ao~Az 
Ca }-T1T2Ts A to As~Ais 


M 
M 
M 
M 


Go bak ah CO Go Ok ak eo cl Gt oa od wa 
Fela fo Got oll Gat not Moat SO Le Ee oe Gal Ga ak ek SD 


Da Sk a Co a Geld Md Geta OS Fel ack ak oh al Oat 
eat oe ee es ee eee er 
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Machine 


Instruction 
Cycle 


ADDRESS DATA Fo | WR 
1st op-code 1st 
TiTaTs Address op-code 
2nd op-code 
TiTeT3 Address op- von 


MC; 


MCz2 


OUT (C),g 


MC3 


MC4 | T1iT2T3 


1st op-code 1st 
TiTeT3 Address op-code 


MC; 


MC2 


2nd op-code 
TiTe2Ts Address eee 
1st operand 
TiT2T3 Address 


OUTO (m).g 


MC3 


MC, 


MCs 


m to Ao~A7 
T1Te2T3 OOH to As~Ai5 


MCe 


1st op-code 

MC: | TiTeT3 Address em 
2nd op-code 

MC2} T1T2T3 Address eee 

OTDM 

MC4} TiT2Ts HL. DATA 
C to Ao~A7 

MCs] T1TeT3 OOH to As~~Ais | DATA 


ist op-code 1st 
TiT2T3 Address op-code 


= 
S 


ae 
2nd op-code 
MC2] TiT2T3 Address ee 
OTDMR 
(if Br=0O) 
MC4] TiTe2T3 DATA 
C to Ao~Az 
MCs] TiTeTs OOH to As~A15 | DATA 





~MCa3 | TiTiTi 
(to be continued) 
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Cycle 


aporess | paTA 
1st op-code 1s 

TiTeTs Address op-code 

2nd op-code 2nd 

T1Te2Ts Address Op-c: 

t 

d 












OTIMR 
OTDMR 
(if Br=0) 


4 


eee 


t 
1st op-code 1st 
T1Te2Ts Address op-code 
2nd op-code 2n 
TiTe2Ts Address op-code 
1st op-code 1st 
TiT2T3 Address op-code 
2nd op-code 2nd 
TiTeTs Address op-code 
~MCe ie ee oe 
1st op-code 1st 
TiT2T3 Address = 
2nd op-code 2n 
TiTeTs Address 


C to Ao~A7z 
TiTe2T3 OOH to As~A1s | DATA 


OTIR 
OTDR 


M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
(tf Br#0) ” 


= 
8 
 g 
3 


Ci 
C2 
C3 
Ca 
Cs 
Ce 
C1 
C2 
C3 
Ca 
C; 
C2 
C3 
MC. 
MCs 
MC; 
MC2 
MCs 







1st op-code ist 
TiTeTs Address op-code 


1st op-code 1st 
TiTe2Ts Address op-code 


BEF Pe a 


MC 
MC 
MC 
MC 


+ 


4 
1 
2 
3 
Ci 


POP IX 
POP IY 


M 
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Machine 
Cycle 





=| ADDRESS DATA 


2nd op-code 


Address en 


POP IX 
POP IY 
Ist op-code 
TiT2T3 Address “en 


_ ela 





TiTe2T3 


ist op-code 
TiTeTs Address ae 
2nd op-code 
TiTe2T3 Address aan 
| PUSH IX 
PUSH IY Sie | TiTi 
1st op-code 
T1TeTs Address aoe 
1st op-code 1st 
| RET f MC: | TiT2Ts Address op-code 
(If condition re 











RET 


is false) 


Ist op-code 
TiTeT3 Address eee 
_— 


RET f 
(Hf condition 
is true) 


ist op-code 
TiTeaTs Address ie 
2nd op-code 
TiTets3 Address 


caer 





(to be continued) 


@ HITACHI 


Hitachi America Ltd. ¢ 2210 O'Toole Avenue * San Jose, CA 95131 ® (408) 435-8300 501 


HD64180R 


502 


T1T2Ts SP+1 DATA ae 





RLC (HL) 
RL (HL) 

RRC (HL) 
RR (HL) 

SLA (HL) 
SRA (HL) 
SRL (HL) 







RLC (IX+ d) 
RLC (l¥+d) 
RL (X+ d) 
RL (IY+d) 
RRC (IX+ d) 
RRC (lY+ d) 
RR (iX+ d) 
RR (iY +d) 
SLA (X+ d) 
SLA (IY +d) 


SRA (IX+ d) 
SRA (IY+d) 
SRL (IX+ d) 
SRL (IY¥+ d) 


RLD 


RRD 


MC3 


MC, 


= 
> 
3 


1st op-code 





MC; | TiT2T3 Address 
1st op-code 
MC; | Ti1Te2Ts Address 


MC2 


2nd op-code 
TiTaT3 Address 


MCs 


iad mao 


MCs 


1st op-code 
MC; | T1TeTs Address 
2nd op-code 
MC2 1T2T3 Address pe 
vain =e ees 
1st op-code 
MC; | TiTe2Ts Address ag 
2nd op-code 
MCo | TiTeaTs Address nan 
1st operand : 
MC3 | TiTeaTs Address 0 
3rd op-code 
MC. | TiTeoTs Address igen 


X+d 
TiT2T3 Y+d DATA 
iX+d 
TiT2T3 Ytd DATA 


MCe 


“MC, 


1st op-code 

T1iTe2T3 Address op- 
2nd op-code 

TiTeaTs Address oS 


MC; 


1 


MC2 


MCs 
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Machine States 
Cycle ADDRESS DATA 
MCa4 
RLD —~MCz | TiTiTiTi 
RRD 
MCs | T1T2Ts DATA 
1st op-code 
MC: | TiT2Ts Address se 
MC2 
~MCz | TITi 
RST v 
SCF 1st op-code 
MC: | TiT2Ts Address is 
1st op-code 
MC; | TiT2Ts Address — 
SET bg 2nd apcode* 
RES bg MCa2 | TiTe2Ts3 Address oe 1 
1st op-code 
MC: | TiTeTs Address oss 
2nd op-code 
MCz2 | T1T2T3 Address eee 1 
SET b, (HL) 
RES b, (HL) MC3 | T1T2Ts DATA 
ae Coa mm [+ fe! 
1st op-code 
MC; | TiTeTs Address ee 
2nd 
MCz2 | TiTeTs op-code 
ee «fede 
SET b, (Xx<+ d) MC TiTeTs Address 
SET b, (lY+d) 3rd op-code 
RES b, (IX+d) MCa | T1T2Ts Address vers 
RES b, (IY+d) IX+d 
MCs | T1TeT3 Y+d DATA 
IX+d 
MC; | T1T2Ts Y+d DATA 





(to be continued) 
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TSTIO m 






Machine 225e! en panera | 
Cycle States ADDRESS -DATA WR OE | UR | HALT | ST 
1st op-code 1st | | 
TiTe2T3 Address op-code 
2nd op-code | 2nd 
TiTeaTs3 Address op-code 


MC; 
Ist op-code 1st 
MC: | TiTe2Ts Address op-code 
2nd op-code 2nd 
MC2 | TiTe2Ts Address op-code 
1st operand 
MC3 | TiT2T3 Address 
C to Ao~Az 
MCaz | Ti1TeTa OOH to As~Ais | DATA 
MC; 
MC2 
MC3 
MC; 
MC2 







1st op-code 1st 
TiTe2T3 Address op-code 
2nd op-code 2nd 
T:Te2T3 Address op-code 
1st op-code 1st 
TiTeaTs Address op-code 
- ‘ee 


TSTg 
Cc 
2nd op-code 
TST 
1st operand 
TiTeT3 Address — 


2nd op-code 2nd 
MC2 | T1TeaTs Address op-code 
TST (HL) 
Pelt |e |e pa | 





INTERRUPT 


MC; 

MC2 

MCa4 

MCs 
(RST INSERTED) MC>2 
~MC3 


Next op-code 
TiTeT3 Address (PC) 





(to be continued) 
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Machine 


Cycle ADDRESS 


DATA 


TiTeTs 


v0 
QO 
= 


INTo MODE O MC. 
(RST INSERTED) 


MCs | TiT2T3 


TiT2Tw 
Twls3 


PCL 


Next op-code 1st 
Address (PC) op-code 


Ci 


MC2 | T1iTeTs 


INTo MODE O MC3 | TiTe2Ta 


(CALL 
INSERTED) MC. 


MCs | TiTeTs3 PC+ 2(H) 


MCe | TiTeTs 


TiT2Tw Next op-code 
MC: | TwTs Address (PC) 
INTo MODE 1 
MCe2 | TiT2T3 
MCs | T1iTe2T3 


PC+ 2(L) 


TiTaTw Next op-code 
MC; | TwTs Address (PC) Vector 
MC2 i 
INTo MODE 2 MCs | TiT2Ts 
MCa | TiTeTs PCL 
MCs | T1T2Ts |, Vector DATA 
MCe | T1T2Ts i, Vector+ 1 DATA 


T iT2Tyw 
Twls 


Next op-code 
Address (PC) 


MC, 


MC2 


INT; 
INT2 MCs 


Internal Interrupts 


TiT2T3 


MC, | TiTeTs SP—2 PCL 


MCs | TiT2Ts |, Vector DATA 


MCe } TiTeT3 DATA 





|, Vector+ 1 
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O0E8-SEr (80r) © LELS6 VO ‘eSOf ues « eNnuUaAy B/00L,O O12? e ‘PIT BOUeWIY 14yoeNH 


IHOVLIH @ 












Interrupt 





Normal Operation 
(CPU mode) Acknowledge SYSTEM STOP 


WAIT State Refresh Cycle DMA Cycle wer eetis SLEEP mode od 
Request (IOSTOP mode) Cycle moae 


WAIT Acceptable Acceptable Not acceptable. | Acceptable Acceptable Not acceptable | Not acceptable | Not acceptable 


Refresh. Request Refresh cycle Not acceptable | Not acceptable | Refresh cycle Refresh cycle Not acceptable | Not acceptable | Not acceptable 
(Request of begins at begins at begins at 

Refresh by the on-chip the end of MC. the end of the end of 
| Refresh Controller) MC. MC. 


Acceptable Acceptable 



























































































Accentable | Not acceptable | Not acceptable 









DMA cycle DMA cycle Acceptable 













begins at the begins at the * Refresh cycle DMA cycle Refer to * After BUS 

end of MC. end of MC. precedes. begins at the | “2.9 DMA RELEASE cycle, 
DMA cycle end of MC. Controller’ DMA cycle 
begins at the for details. begins at the 
end of one end of one 


MC. 
Not acceptable 


MC. 


Continue 
BUS RELEASE 
mode. 


Not acceptable 
































Bus is released Acceptable 
at the end of 


MC. 
Not acceptable 


Bus is released 
at the end of 
MC. 


Not acceptable 


Bus is released Not acceptable Acceptable 
at the end of 


MC. 


| Accepted after 
executing the 
current 
instruction. 







| BUSREO 



















































| Accepted after 
executing the 
current 
instruction 





INTo, INT:, 
INT2 


Acceptable 
‘| Return from 
SLEEP mode 
to normal 
operation. 


Not acceptable Acceptable 
Retum from 

SYSTEM STOP 
mode to normal 


operation. 


interrupt 


















intemal Not acceptable 
V/O 


Interrupt 


























Acceptable 
Return from 
SYSTEM STOP 
mode to normal 
operation. 


Not acceptable 
Interrupt 
acknowledge 
cycle precedes. 
NMI is accepted 
after executing 
the next in- 
struction. 


Acceptable 
DMA cycle 
stops. 














NOTE) *  : not acceptable when DMA Request is in level sense. 
[ : same as the above 
MC : Machine Cycle 


JGOW ONILVYadO HOVE NI SSONVLIds9D0V LSANDAY E2 


YO8lL79CH 





24 REQUEST PRIORITY 
The HD64180 has the following three types of requests. 


Type 1. 
To be accepted in specified state........... WAIT 
Type 2. 
To be accepted in each machine cycle...... Refresh Req. 
DMA Req. 
Bus Req. 


Type 3. 


To be accepted in each instruction 


25 OPERATION MODE TRANSITION 





NOTE) 


*1 NORMAL: CPU executes instructions normally in NORMAL mode. 
*2 DMA request: DMA is requested in the following cases. 


(1) DREQo, GREG; = 0 (memory <——> (memory mapped) I/O DMA transfer) 


(2) DEO = 1 (memory <——-> memory DMA transfer) 
*3 DMA end: DMA ends in the following cases. 


(1) DREQo, DREQ: = 1 (memory <——> (memory mapped) I/O DMA transfer) 


(2) BCRO, BCR1 = OOOOH (all DMA transfers) 
(3) NMi = 0 (all DMA transfers) 


hice ndarsscten’ Interrupt Req. 


HD64180R 


Type 1, Type 2, and Type 3 requests priority is shown as follows. 
highest priority Type 1 > Type 2 > Type 3 lowest priority 
Each request priority in Type 2 is shown as follows. 


highest priority Bus Req. > Refresh Req. > DMA Req. lowest 
priority 


(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus 
Req. is accepted but Refresh Req. is cleared. 
Refer to ‘‘2.7 Interrupts”’ for each request priority in Type 3. 





Other operation mode transitions 


The following operation mode transitions are also possible. 








1. HALT a MA 
REFRESH 
BUS RELEASE 
jOSTOP [* {OMA 
REFRESH 
BUS RELEASE 
2. SLEEP BUS RELEASE 





SYSTEM STOP —_” BUS RELEASE 
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26 STATUS SIGNALS 
The following table shows pin outputs in each operating mode. 





Address | Data 





= 
> 
- 
w 
a 
a 
> 
Qo 
A 
” 


Op-code Fetch 
(1st op-code) 
Op-code Fetch 
(except 1st 
op-code) 


Ps) 

Q 

o 

n 

> 
= 
Ss) 





CPU 


operation Memory Read 


Memory Write — 
VO Read — 

/O Write 
internal 
Operation 












oO 

HPbee ERE T > bee Le PPPPE > fe : 
ie) Oo ‘e} w 

Cc} Cc c Cc 

= sj sj a 





am 
=| . 


NOTE) 1 : HIGH 


0 : LOW 

A __: Programmable 
Z : High Impedance 
IN: Input 

OUT : Output 

. : Invalid 


@ HITACHI 


508 Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


HD64180R 


27 PIN STATUS DURING RESET AND LOW POWER OPERATION MODES 


Pin status in each operation mode 
RESET SLEEP lOSTOP SYSTEM STOP 


Symbol 








—heee 


AIT 








wi] Oi Bi s 
mi Cclec 
Pi ni n 
mi oF > 
amo 
Ol x 





| 


2 
= 





~30 | Ao~A17 


A12/TOUT Ai 


TOUT 


oO On| Ss 
: “2 
’ nw 
Oo 
~ 


= 





OF 2 
{1 4 
i 
o o 





Dial o 

i 

oO fa] o 
QO 


oO 
Cc 
4 





CKAo 
(intemal clock mode) 


CKAo 
(external clock mode) 


DREQo 


47 


aE 





QO 
a 
m 
z 
9 


(intemal clock mode) 


CKA: 
(external clock mode) 





4 
x< 
w 


CTS: 


>) 
x 
” 
~ 


4 
Ps) m 
x< 2 
” oO 
3 


CTS: 
CKS 
(internal clock mode) 


CKS 
(external clock mode) 


QO 
A 
n 


ol 

~ 
53 
2a 
aI} 5 


(e) _ 
rs Ww 

oO 

io) 

Pp] 

m 

O 

°o 


¢@ clock output 





1: HIGH 0: LOW A: Programmable 2: High Impedance 
IN (A): Input (Active) IN (N): Input (Not active) | OUT: Output 
H: Holds the previous state 

—: same as the left 
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28 INTERNAL I/O REGISTERS 





ternal I/O register addresses are relocatable within ranges from 


By programming IOA7 and IOA6 in the I/O control register, in- 0000H to OOFFH in the I/O address space. 





ASCI Cantrol Register A Channet 0 
: CNTLAO 


ASCI Control Register A Channel 1 
: CNTLA1 


ASCI Control Register B Channel! O 
: CNTLBO 


MODE Selection 
Multi Processor Bit Receive/ 
Error Flag Reset 
Request To Send 
Transmit Enable 
Receive Enable 
Multi Processor Enable 


Taw [aw [Rw [aw [rw [nw | enw | a | 


Multi Processor Bit Receive/ 
Error Flag Reset 
CKA1 Disable 
Transmit Enable 
Receive Enable 
Multi Processor Enable 


wah 
. 


Start + 7 bit Data + 1 Stop 
Start + 7 bit Data + 2 Stop 
Start + 7 bit Data + Parity + 1 Stop 
Start + 7 bit Data + Parity + 2 Stop 
Start + 8 bit Data + 1 Stop 
Start + 8 bit Data + 2 Stop 
Start + 8 bit Data + Parity + 1 Stop 
Start + 8 bit Data + Parity + 2 Stop 


2-=--.=0000N 


==. 00—" -~00 
“~Oo-0O-0-00 


bit 
during RESET 


Clock Source and | 
Speed Select 
Divide Ratio 
Parity Even or Odd 
Clear To Send/Prescale 
Multi Processor 
Multi Processor Bit Transmit 


« CTS : Depending on the condition of CTS Pin. 
PS: Cleared to O. 
| (to be continued) 
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ASCI Control Register B Channel 1 
: CNTLB1 


ASCI Status Register Channel O 
: STATO 


ASCI Status Register Channel! 1 
: STAT1 





during RESET 


Clock Source and 
Speed Select 
Divide Ratio 
Parity Even or Odd 
Clear To Send/Prescale 
Multi Processor 
Multi Processor Bit Transmit 


General PS=0 PS=1 
divide ratio (divide ratio= 10) (divide ratio= 30) 


$S2,1,0 DR=0 (X 16)| DR=1 (< 64)| DR=O (X 16) | DR=1 (Xx 64) 


@+ 1920 
3840 

7680 
15360 
30720 
61440 

+ 122880 


External clock (frequency < ¢ ~ 40) 


[more [oven] re | | Re [DebO] Tone | Te 
auingreser{o | 0 [0 [0 ]o]-|~] 0 
ew [ape fe[e jaw] a [A [aw] 


Transmit 
Interrupt 
Enable 

Transmit Data 
Register Empty 

Data Carrier Detect 

Receive interrupt Enable 

Framing Error 
Parity Error ** CTSo Pin 
Over Run Error 
Receive Data Register Full 
* DCDo : Depending on the condition of DCDo Pin. 


during RESET 


Transmit 
Interrupt 

Enable 
Transmit Data 
Register Empty 

CTS1 Enable 
Receive Interrupt Enable 
Framing Error 
Parity Error 
Over Run Error 
Receive Data Register Full 


(to be continued) 
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ASCI Transmit Data Register Channel 
0 





: TDRO 


ASCI Transmit Data Register Channel 
1 


: TDR1 


ASCI Receive Data Register Channel 
| 0 
: TSRO 


ASCI Receive Data Register Channel 
1 


: TSR1 


CSI/O Control Register 
: CNTR 
during RESET 


Receive Enable 
End Interrupt Enable 
End Flag 


Baud Rate ly Baud Rate 
@+ 320 
+ 640 
+ 1280 
Extemal 
(frequency < + 20) 
CSI/O Transmit/Receive Data 


Register 
: TRDR 
Timer Data Register Channel OL 
: TMDROL 
Timer Data Register Channel OH 
: TMDROH 
Timer Reload Register Channel OL 
: RLDROL 
Timer Reload Register Channel OH 
: RLDROH 
Timer Control Register 
: TCR 


during RESET 


Count Enable 1,0 
Timer Output Control! 1,0 
Timer Interrupt Enable 1,0 | 
Timer Interrupt Flag 1,0 


{to be continued) 
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Timer Data Register Channel 1L 
: TMDR1IL 


Timer Data Register Channel 1H 
: TMDOR1H 


Timer Reload Register Channel 1L 
: RLDR1L 


Timer Reload Register Channel 1H 
: RLDR1H 


Free Running Counter 
: FRC 


DMA Source Address Register 
Channel OL 
: SAROL 


DMA Source Address Register 
Channel OH 
: SAROH 


DMA Source Address Register 
Channel OB 
: SAROB 


DMA Destination Address Register 
Channel OL 
: DAROL 


DMA Destination Address Register 
Channel OH 
: DAROH 


DMA Destination Address Register 
Channel OB 
: DAROB 


DMA Byte Count Register Channel 
OL 
: BCROL 


DMA Byte Count Register Channel 
OH 
: BCROH 


DMA Memory Address Register 
Channel 1L 
: MARIL 


DMA Memory Address Register 
Channel! 1H 


: MAR1H 


DMA Memory Address Register 
Channel 1B 
: MAR1B 


DMA 1/O Address Register Channel 
1L 
> IARIL 


DMA I/O Address Register Channel 
1H 
: IAR1TH 


Hitachi America Ltd. 


read only 


Bits O-2 are used for SAROB. 


Ais, Ai7, A16 DMA Transfer Request 
o (extemal) 

RDRO (ASCO) 

RDR1 (ASC1I1) 


Not Used 


Bits O-2 are used for DAROB. 


Ais, A17, Ai6 DMA Transfer Request 

( 0 (external) 
TDRO (ASCIO) 
TDR1 (ASC1I1) 


Not Used 


Bits O-2 are used for MAR1B. 
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514 


DMA Byte Count Register Channel 
1L 









: BCRIL 


DMA Byte Count Register Channel 
1H 
: BCR1H 






DMA Status Register 
: DSTAT 


DMA Interrupt Enable 1,0 
DMA Enable Bit Write Enable 1,0 
DMA Enable ch 1,0 






















DMA Mode Register 


during RESET 





MODE 
Select 
Ch O Source 

Mode 1,0 


Ch O Destination 
















DARO+ 1 SARO+ 1 


DARO— 1 01 SARO— 1 
DARO fixed 10 SARO fixed 
DARO fixed 11 SARO fixed 


Cycle Steal Mode 
Burst Mode 


(to be continued) 
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DMA/WATT Contro! Register 


: DONTL are RESET 


DREGI Select, i = 1,0 
/O Wait Insertion 
Memory Wait insertion 


The number of 


The number of 
wait states 


wait states 


Address Increment/Decrement 


MAR1+ 1 IAR1 fixed 


MAR1— 1 1AR1 fixed 
IAR1 fixed 


IAR1 fixed 


Interrupt Vector Low Register 


INT/TRAP Control Register 


during RESET 


Refresh Control Register 


interval of Refresh Cycle 


10 States 
20 
40 
80 





(to be continued) 
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HD64180R 


MMU Common Base Register 


MMU Bank Base Register 


MMU Common/Bank Area Register 
: CBAR 


Area Register 
MMU Common 


Area Register 
/O Control Register 
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— HD68000 — 

The HD68000 is the first in a family of advanced micropro- 
cessors from Hitachi. Utilizing VLSI technology, the HD68000 
is a fully-implemented 16-bit microprocessor with 32-bit 
registers, a rich basic instruction set, and versatile addressing 
modes. 

The HD68000 possesses an asynchronous bus structure with 
a 24-bit address bus and a 16-bit data bus. 


FEATURES 

32-Bit Data and Address Registers 

16 Megabyte Direct Addressing Range 
56 Powerful Instruction Types 
Operations of Five Main Data Types 
Memory Mapped |/O 

14 Addressing Modes 


— HD68HCO00 — 

The HD68HC000 is a 16-bit microprocessor of HD68000 
family, which is exactly compatible with the conventional 
HD68000. 

The HD68HCO000 is a complete CMOS device and the power 
dissipation is extremely low. 


FEATURES 

@ Instruction Compatible with NMOS HD68000 

® Pin Compatible with NUOS HD68000 

@ AC Timing Compatible with NMOS HD68000 . 

®@ Low Power Dissipation (Icc typ = 20 mA, Icc max =35 mA 
at f = 12.5 MHz) 


MIP U (Micro Processing Unit) 


HD68000-8, HD68000-10, HD68000-12 
HD68HC000-8, HD68HC000-10, HD68HC000-12 


eR 
SNS 


HD68000Y-8, HD68000Y-10, HD68000Y-12 
HD68HCOOOY-8, HD68HCOO00Y-10, HD68HCOO0Y-12 


| HD68000P-8 


HD68HCOOOP-8, HD68HCOOOP-10, HD68HCOOOP-12 


| HD68000PS-8 


HD68HCOOOPS-8, HD68HCOO0PS-10, HD68HCOO0PS-12 


(DP-64S) 


HD68000CP-8 
HD68HCOO0CP-8, HD68HCOO0CP-10, HD68HCOO0CP-12 





(CP-68) 
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= TYPE OF PRODUCTS 


Clock Frequency ez 
Type No. (MHz) Package 


HD68000-8 

HD68000-10 ics 
HD68000-12 
HD68000Y-8 
HD68000Y-10 
HD68000Y-12 
HD68000R8 DP-64 
HD68000PS8 8.0 DP-64S 
HD68000CR8 

HD68HC000-8 
HD68HCO000-10 
HD68HC000-12 _ 
HD68HCOO0Y8 
HD68HCOO0Y-10 
HD68HCOO0Y-12 
HD68HCOOORS 
HD68HCOO0P10 CMOS 
HD68HCOO0R12 
HD68HCOO0PS8 
HD68HCOO0PS-10 
HD68HCOO0PS12 
HD68HCOO0CRS 
HD68HCOO00CR10 | 
HD68HCOO0CR12 


© 

Oo 
~ 
G) 
> 
o 
foe) 





PGA-68 


fo) 
Oo 
= 
ro2) 
AS 


Le) 
th 
D 
& 
n 


co 


O ?) 
Q  »] 

re) 
g le 


oO 
ud 
rep) 
Co 


(Note) HD68000 refers to the NMOS version 68000, and HD68HCO0O 
refers to the CMOS version 68000. 68000 stands for NMOS and 
CMOS version. . 
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= PIN ARRANGEMENT 
@ DC-64, DP-64, DP-64S @ PGA-68 


SI 5049, 


3{6) ©) (5) 6) IY 
S38Ess} 


(Top View) (Bottom View) 


N/C 


: 
; 


~ 


~~ 
3] 2 <j< 


< 
§ lalg 


slice < 
a 


Lad 
~ 
3 
r- 
° 


= 
PS) 





@ CP-68 


(Top View) 





| 2OJA 19 
| 49} Ais 
| ASIAi7 
CAN Ass 
L 46)Ai5 
| 45) Aig 
L44)A13 


A; 132.) 
A2 [33_] 
A334. 
Aa 132] 
As (36_| 
Ag 137] 
A,B8] 
As[39 | 
Ag [40 | 
Ayo L41_] 
Ari[ 42 | 
Aas | 


FC» (28. | 
FC, [29 | 
FCo [30 _} 


TPL, C2 
N/c BT 


(Top View) 
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= ABSOLUTE MAXIMUM RATINGS 






ice ae HD68000 _ HD68HC000 ae 
[value | Sale 
‘Supply Voltage —0.3 ~ +7.0 —0.3 ~ +6.5 








| ; 
input Voge =9a~ 470 ~aa~v85 
Operating Tepratre Ran 
Storage Temperature —55 ~ +150 —55 ~ +150 


*With respect to Vgg (SYSTEM GND) 


(NOTE) Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating conditions. 
If these conditions are exceeded, it could affect reliability of LSI. 


Since the HD68HCO00 is a C-MOS device, users are expected to be cautious on “latch-up” problem caused by voltage fracturations. 


= RECOMMENDED OPERATING CONDITIONS 


7 HD68000 HD68HC000 
Item Symbol 


Cain | ve [me | min |_| 
[Supeiy Verge —=S~dCee as | 8 | 88 | 478 | 80 
joni [omen] ww | a | | ee Far 
(-03 [ - | 08 | -03 | - | 
a 











QO 
.?) 


* 
All Inputs 
| Operating Temperature 


* With respect to Vss (SYSTEM GND) 
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® ELECTRICAL CHARACTERISTICS 
@ DC CHARACTERISTICS (Voc = 5V + 5%, Veg = OV, Ta = 0 ~ +70°C, Fig. 1, unless otherwise noted.) 


HD68000 oe 
Item Symbol | Test Condition [min | Unit 


Input “High’’ Voltage 2.0 os V 

sr hike aie saree —]ve | ef Yee 
RR, BGACK, BR, DTAC 

IPLo ~ ~ IPL, VPA, CLK 


p= 
Eee. |. a 


AS, re A23,Do~ Dis, _ 


Vec-075 




































Input Leakage Current 


~ 
cae 






Three-State (Off State) 
Input Current 


= 
> 





oF 1.6mA 
loL=5.0 mA 


lol =5.3 mA 


f= 6 MHz 
f = 8 MHz 
= 10 MHz 
= 12.5 MHz 
PLASTIC PACKAGE 


Ea 
I 







Power Dissipation 


+> 
ats tl 
1O @& 
ND Il 

hon = | 
OSN 


f= 8 MHz 
f= 10 MHz 
f = 12.5 MHz 






Current Dissipation 


3 







W |} NO 
or }O i) 


—_—> 
~N 
ol 


—h 
I 
° 
= 
7” 





Capacitance (Package Type Dependent) 







*With external pull up resistor of 1.1 kQ. 
**Without load. 







+5 V 
*8V +5V 
182074 (H. = 7402 
or 
9102 29k2 Mik Equivalent 
RES HALT 
Cc 
L 182074 (H) 
130pF es 
p 70pF Equivalent 


= co 
Y4 


C, = 130 pF (includes all Parasitics) 

R_ = 6.0 kf for AS, A, ~A,,,BG,D, ~D,,, 
FC, ~FC,, LDS, R/W, UDS, VMA 

*R=1 22 kQ for A, ~A,,, BG, FC, ore! 


Figure 1 Test Loads 
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@ AC CHARACTERISTICS (Voc = 5V + 5%, Veg = OV, Ta = O0~ +70°C, unless otherwise noted.) 
CLOCK TIMING 


Frequency of Operation 
Cycle Time os eves 
tc 
Clock Pulse Width Fig. 2 
Rise and Fall Times 















md 
NO 
oO 





teyc 


teL tCH 


2.0V 


0.8V 
tcr tcf 


(NOTE) 


Timing measurements are referenced to and from a low voltage of 0.8 volt and high a voltage of 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 0.8 volt and 
2.0 volts. . 


Figure 2 Clock Input Timing 
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READ AND WRITE CYCLES 








12.5 MHz 


Cc 


= 
2. 


Test 
Condition 


Symbol 





Clock Period 

Clock Width Low 

Clock Width High 

Clock Fall Time 

Clock Rise Time 

Clock Low to Address Valid 
6A Clock High to FC Valid 


7 Clock High to Address, Data Bus 
High Impedance (Maximum) 


Clock High to Address, FC Invalid (Minimum) | tcHaFi 
Clock High to AS, DS Low 


Address Valid to AS, DS Low (Read)/ 
AS Low (Write) taAVSL 
11A2 | FC Valid to AS, DS Low (Read)/ 
AS Low (Write) tECVSL 


Clock Low to AS, DS High tCLSH 
S, DS High to Address/FC Invalid 
S, DS Width Low (Read)/AS Low (Write) 


Width Low (Write) ) 


ot 


Cc 
CH 


r 


3 


tCLAV 
tCHFCV 


o> 


ct 
os 
2 +t m2 616 g 
ES ed = bn} ~~ fe) 
N 












~ “iN 
~ 


zi 


al 
a 


14A2 





tos 





lock High to Control Bus High Impedance 
172 | AS, DS High to R/W High (Read) 

Clock High to R/W High 

Clock High to R/W Low (Write) 

AS Low to R/W Valid (Write) 

Address Valid to R/W Low (Write) _ 

FC Valid to R/W Low (Write) 

R/W Low to DS Low (Write) 

Clock Low to Data Out Valid (Write) 


tcHCz 
tsHRH 









Ss 
| 
© 


S| alla 
al 
2) 
= 
a 
zs 
x 
Ss 


TCHRL 
tTaSRV 
TAVRL 
tECVRL 
“tRLSL 
tcLbo 


AS, DS High to Data Out Invalid (Write) tsHDO! 
Data Out Valid to DS Low (Write) topos 
27° Data In to Clock Low (Setup Time on Read) | tpici 


206 


21A2 


© 
~ ~ 


AS, DS High to DTACK High 


AS, DS High to Data In Invalid 
(Hold Time on Read) tsHDII 


AS, DS High to BERR High tSHBEH 





DTACK Low to Data In (Setup Time) tpaALp! 
HALT and RESET Input Transition Time tRHr, f 
3 Clock High to BG Low tCHGL 


Ciock High to BG High tCHGH 


R Low to BG Low 


SN 






~ 
28) a| 






8] ~ 
a |S 


Clik. 
Per. 


tTBRLGL 


Ww 


80 
ns ns 
+3.5 +3.5 +3.5 





* 57 for HD68HCO00 


© HITACHI | 
Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 525 





a 
0 
0) 
Oo 
o 
oO 
2 
ee 
a 
0 
ie?) 
CO 
a 
OQ 
.e) 
© 
o) 


) 
m 
> 
> 
> 
=z 
o 
= 
= 
—| 
rl 
2) 
< 
7) 
rm 
m 
n 
re) 
2) 
ra 
= 
2 
Cc 
m 
¥ 


oo 
= 
= of 
N 


Test 
. Item Symbol Condition 
BR High to BG High | tBRHGH 


Cc 
3 
- 


J 
an) 
] 
a 


3 Clk.Per. 


+ 
Ww 
on 


+ + 
wo 8) as 
a2 | az 


BGACK Low to BG High 


a 


ALGH 


37A® | BGACK Low to BR High tGALBRH, 


—— 


BG Low to Control, Address, Data Bus 


—-~ 
. . 
. 
— 
. 
’ ‘ 
. AT. . 
. . 
—— 
e,e 
. . 
. 
—_ 
. . 


— 
on 
_ 
or 





Q 
Oo. 
rs) 
& 
© 
Oo. 
2) 
a 


No = 
oO o 
+ 
Wo 
OZ 


High Impedance (AS High) 


E Low to Control, Address Bus Invalid Fig. 4 
(Address Hold Time) | tELCAI 


|_46 tGAL 
47° Asynchronous Input Setup Time | tas 
48° | BERR Low to DTACK Low 
49° | AS, DS High to E Low 
50 E Width High 

E Width Low 

Clock High to Data Out Invalid 

E Low to Data Out Invalid tELDOI 

R/W to Data Bus Driven _ tRLDBD 


HALT/RESET Pulse Width | tHRPW 
BGACK High to Control Bus Driven 


BG High to Control Bus Driven | 


tGLz 
tGH | 


6/ 
37 
43 


Q + + 

— Cc 
N ~ ~ o wHS/wo 
o oO Oo er ord | 3 


| Q Q 
x x 
e e 


J > | wi 











tSHEL 
t 


ct 
= 


& of 
> m ( 
wo iw) 
we) > 

> 


EL 


53 tCHDO! 


w 
oO 


> 


i 2) 
3 13 x 
f 


wn 








k.Per. | 
Ik .Per, 
Cik.Per. 


57 
58 


Q 


HH 


&}]N 
— > 1o 
>) oO};oO 


tGHBD 


Ww =) Le Ww N 
Oo ro) = ro} o 
~~ ~~] SJ 
dled fefefelsteltete [a}dstalelefe 


N) 


NOTES: 

1. Fora loading capacitance of less than or equal to 50 picofarads, substract 5 nanoseconds from the value given in the maximum columns. 
Actual value depends on clock period. 
If #47 is satisfied for both DTACK and BERR, #48 may be O nanoseconds. 


For power up, the MPU must be held in RES state for 100 ms to allow stabilization of on-chip circuitry. After the system is powered up, 
#56 refers to the minimum pulse width required to reset the system. 


ee 


. If the asynchronous setup time (#47) requirements are satisfied, the DTACK low-to-data setup time (#31) requirement can be ignored. 
The data must only satisfy the date-in clock-low setup time (# 27) for the following cycle. 


. When AS and R/W are equally loaded (420%), subtract 10 nanoseconds from the values given in these columns. 


o 


The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 


The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the failing edge of E. Either of these events can occur 
first, depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the 
rising edge of the strobes and the falling edge of the E clock. 
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output signals. Refer to other functional descriptions and 


These waveforms should only be referenced in regard to the 
their related diagrams for device operation. 


edge-to-edge measurement of the timing specifications. They 
are not intended as a functional description of the input and 


DTACK 


Data In 


eee -——@ 
BERR/BR 


(Note 2) @- @Q~ 





HALT/RESET 


Asynchronous 
Input 
(Note 1) 


NOTES: 
1. Setup time for the synchronous inputs BGACK, IPL9.2 and VPA guarantees their recognition at the next falling edge of the clock. 


2. BR need fall at this time only in order to insure being recognized at the end of this bus cycle. 


3. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage 2.0 volts, unless otherwise noted. 
The voltage swing through this range should start outside and pass through the range such that the rise-or fall will be linear between 


0.8 volt and 2.0 volts. 


Figure 3. Read Cycle Timing 
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These waveforms should only be referenced in regard to the signals. Refer to other functional descriptions and their related 
edge-to-edge measurement of the timing specifications. They are diagrams for device operation. 
not intended as a functional. description of the input and output 


© 


sé s7 @ 


_ Eehaabeace a 


Data Out 


BERR/BR 
(Note 2) 





HALT/RESET 


Asynchronous © 
Inputs 
(Note 1) 


NOTES: F 
1. Timing measurements are referenced to and from a low voltage of 0.8 volt and a high voltage of 2.0 volts, unless otherwise noted. - 
The voltage swing through this range should start outside and pass through the range such that the rise or fall will be linear between 
0.8 volt and 2.0 volts. 
2. Because of loading variations, R/W may be valid after AS even though both are initiated by the rising edge of S2 (Specification 20A). 


Figure 4. Write Cycle Timing 
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@® HMCS6800 TIMING 


— 


Test 12.5 MHz 


Unit 


3. 
3 


SJ 


alei8léls) slels|:|: fo Taripije 


Condition 


3] 
: 
| 






AS, DS High to Data In Invalid 
(Hold Time on Read) 
Clock Low to VMA Low LVML 
Clock Low to E Transition 


E Output Rise and Fall Time 
43 | VMA Lowto E High tVMLEH 
AS, DS High to VPA High tSHVPH 


SJ SEND NOD ON 
ws 


12 
20 
23 
27 
42 


ae 
=) 


E Low to Control, Address Bus Invalid tELCAI 
(Address Hold Time) 


47 Asynchronous Input Setup Time 


. . 
. 


AS, DS High to E Low tSHEL 
E Width High tEH 
3 E Width Low 
E Low to Data Out Invalid tELDO! 
NOTE: 


1. The falling edge of S6 triggers both the negation of the strobes (AS and xDS) and the falling edge of E. Either of these events can occur first, 
depending upon the loading on each signal. Specification #49 indicates the absolute maximum skew that will occur between the rising edge of 
the strobes and the falling edge of the E clock. 


Ha 
rm 
b go 
oO oO 
3] aI. 9 
~ 
Oo Oo oO 
~ > 
Ww 
a 


SO S1 S2 S3 S4 ww w www iow iw ww ow wow S55 S6 S7 SO 


: ee I le 
RW WN pe ae ae le 
e ie aes eee 
: — al ES . r 
— 42) 
VPA @—~ HT 7 
ica 


VMK fool @ 
na 
Data = 8 


Out 


NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the best case possibly attainable. 


Figure 5. HD6800 Timing—Best Case 
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50 S1S2 S3S4wwwwwwwwww ww wwww@wwwwww ww ww w w S5S6 


Ai—Ag 


iS 


R/W 


VMA 


Data Out $ 








‘$7 SO 


gs ik ee ee ee : 





Data In cS 


NOTE: This timing diagram is included for those who wish to design their own circuit to generate VMA. It shows the worst case possibly attainable. 


Figure 6. HD6800 Timing—Worst Case 


BUS ARBITRATION 


Clock High to Address, Data Bus 
High Impedance tCHADZ 


Clock High to Control! Bus High Impedance 
Clock High to BG Low 
Clock High to BG High 


E16. | 
| 33 
| 34 
| 35 BR Low to BG Low 









Test 
Num 






Condition 






BR High to BG High 
BGACK Low to BG High tGALGH 
BGACK Lowto BR High 
BG Low to Control, Address, Data 
Bus High Impedance (AS High) t6.z 
| 39 | BG Width High 
















| ton | 
BGACK Width Low | tal 


ee Input Setup Time 
ACK High to Control Bus Driven tGaBD 


| sat | BG High to Contro! Bus Driven . 


NOTES: 


1. The processor will negate BG and begin driving the bus again if external arbitration logic negates BR before asserting BGACK. 
2. The minimum value must be met to guarantee proper operation. If the maximum value is exceeded, BG may be reasserted. 





5 
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Figures 7, 8, and 9 depict the three bus arbitration cases that 
can arise. Figure 7 shows the timing where AS is negated when 
the processor asserts BG (Idle Bus Case). Figure 8 shows the 
timing where AS is asserted when the processor asserts BG 
(Active Bus Case). Figure 9 shows the timing where more than 
one bus master are requesting the bus. Refer to Bus Arbitration 
for a complete discussion of bus arbitration. 


CLK 


BGACK 


AS 
LDS/UDS 
VMA 
R/W 
FCo—FC, 


Ai—Ag3 





HD68000/HD68HCO0O 


The waveforms shown in Figures 7, 8, and 9 should only be 
referenced in regard to the edge-to-edge measurement of the 
timing specifications. They are not intended as a functional 
description of the input and output signals. Refer to other func- 
tional descriptions and their related diagrams for device opera- 
tion. 


Do—Dis ——— 


Figure 7. Bus Arbitration Timing Diagram — Idle Bus Case 
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Figure 8. Bus Arbitration Timing Diagram — Active Bus Case 





LDS/UDS 


VMA 


@ 
: a 


FCo—FC, 


Ai—Ag 


Do—Dis5 


Figure 9. Bus Arbitration Timing Diagram — Multiple Bus Requests 
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= INTRODUCTION Programming Model 


As shown in the programming model, the 68000 offers seven- 31 




















16 15 87 ) 
teen 32-bit registers in addition to the 32-bit program counter Do 
and a 16-bit status register. The first eight registers (DO ~ D7) 01 
are used as data registers for byte (8-bit), word (16-bit), and D2 
long word (32-bit) data operations. The second set of seven 03 E; 
: . ight 
registers (AO ~ A6) and the system stack pointer may be used Data 
as software stack pointers and base address registers. In addi- 04 Registers 
tion, these registers may be used for word and long word me 
address operations. All 17 registers may be used as index regis- D6 
ters. 07 
The status register contains the interrupt mask (eight levels 31 1615 0 
available) as well as the condition codes; extend (X), negative AO 
(N), zero (Z), overflow (V), and carry (C). Additional status Al 
bits indicate that the processor is in a trace (T) mode and/or A2 Seven 
in a supervisor (S) state. Address 
A3 Registers 
Status Register ns 
AS 
User Byte AG 
System Byte (Condition Code Register) ahaa ana at er ae Ac ete at eee ge 
User Stack Pointer 7 Two Stack 
15 13 190 9 8 4 32 Supervisor Stack Pointer Pointers 
TES LISS TEESE ME HTB OT iene 
teceaee —___] poate 
Trace Mode 15 87 0 
Supervisor alia 
State Interrupt Zero 
Mask fl 
oyetiow Table 1 Addressing Modes 
Carry 
Mode Generation 


Unused, read as zero. 


@ DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

(1) Bits 

(2) BCD Digits (4 bits) 

(3) Bytes (8 bits) 

(4) Word (16 bits) 

(5) Long Words (32 bits) 
In addition, operations on other data types such as memory 
address, status word data, etc., are provided for in the instruc- 
tion set. 

The 14 addressing modes, shown in Table 1, includes six 
basic types: 

(1) Register Direct 

(2) Register Indirect 

(3) Absolute 

(4) Immediate 

(5) Program Counter Relative 

(6) Implied 
Included in the register indirect addressing modes is the capa- 
bility to do postincrementing, predecrementing, offsetting and 
indexing. Program counter relative mode can also be modified 
via indexing and offsetting. 


Register Direct Addressing 

Data Register Diredt 

Address Register Direct 

Absolute Data Addressing 

Absolute Short 

Absolute Long 

Program Counter Relative Addressing 
Relative with Offset 

Relative with Index and Offset 
Register Indirect Addressing 

Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 
Register Indirect with Offset 

Indexed Register Indirect with Offset 
Immediate Data Addressing 
Immediate 

Quick Immediate 

Implied Addressing 


EA =Dn 
EA=An 


EA = (Next Word) 
= (Next Two Words) 


EA = (PC) + die 
= (PC) + (Xn) + dz 


= (An) 
= (AN), An<An+N 
An < An — N, EA = (An) 
= (An) + die 
EA = (An) + (Xn) + ds 


DATA = Next Word(s) 
Inherent Data 


EA = SR, USP, SP, PC 


Implied Register ‘ or, 


(NOTES) 

EA = Effective Address 

An = Address Register 

Dn = Data Register 

Xn = Address or Data Register used 
as Index Register 

SR = Status Register 

PC = Program Counter 

( ) = Contents of 

ds = Eight-bit Offset 
(displacement) 
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dic = Sixteen-bit Offset 
(displacement) 

N =1 for Byte, 2 for 
Words and 4 for Long 
Words. If An is the stack 
pointer and the operand 
size is byte, N=2 to keep 
the stack pointer on a 
word boundary. 


< = Replaces 
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instructions can use any of the 14 addressing modes. Combining 
instruction types, data types, and addressing modes, over 1000 
useful instructions are provided. These instructions include 
signed and unsigned multiply and divide, “quick” arithmetic 
operations, BCD arithmetic and expanded operations (through 
traps). 


® INSTRUCTION SET OVERVIEW 

The 68000 instruction set is shown in Table 2. Some addi- 
tional instructions are variations, or subsets, of these and they 
appear in Table 3. Special emphasis has been given to the in- 
struction set’s support of structured high-level languages to facil- 
itate ease of programming. Each instruction, with few excep- 
tions, operates on bytes, words, and long words and most 











Table 2 Instruction Set 
Mnemonic Description Mnemonic Description Mnemonic Description 
ABCD Add Decimal with Extend EOR Exclusive Or PEA Push Effective Address 
ADP fea EXG Excnanige Registers RESET Reset External Devices 
ANO Logical And EXT Sign Extend ROL Rotate Left without Extend 
ASL Arithmetic Shift Left JMP Jump A : 
ASR ‘Acikienatic Shift Right ; ROR Rotate Right without Extend 
9 JSR Jump to Subroutine ROXL Rotate Left with Extend 
Bcc Branch Conditionally LEA Load Effective Address ROXR Rotate Right with Extend 
BCHG Bit Test and Change LINK Link Stack RTE Return from Exception 
BCLR Bit Test and Clear LSL Logical Shift Left RTR Return and Restore 
BRA Branch Always LSR Logical Shift Right RTS Return from Subroutine 
ana ee ee MOVE Move SBCD Subtract Decimal with Extend 
BTST Bit Test MOVEM Move Multiple Registers Scc Set Conditional 
MOVEP Move Peripheral Data STOP Stop 
CHK Check Register Against Bounds MULS Signed Multiply SUB Subtract 
CLR Clear Operand MULU Unsigned Multiply SWAP Swap Data Register Halves 
CMP Compare NBCD Negate Decimal with Extend TAS Test and Set Operand 
DBcc Test Condition, Decrement and NEG Negate TRAP Trap 
Branch NOP No Operation TRAPV Trap on Overflow 
DIVS Signed Divide NOT One’s Complement TST Test 
BIve Unsigned Divide OR Logical Or UNLK Unlink 
Table 3. Variations of Instruction Types 
hea Description ma has Description 
ADD Add MOVE MOVE Move 
Add Address MOVEA Move Address 
Add Quick MOVEQ Move Quick 
Add immediate MOVE from SR | Move from Status Register. 
Add with Extend MOVE to SR Move to Status Register 
AND AND Logical And MOVE to CCR Move to Condition Codes 
ANDI And Immediate MOVE USP Move User Stack Pointer 
ANDI to CCR And immediate to NEG Negate 
Condition Codes Negate with Extend 
ANDI to SR ee to OR OR Logical Or 
ipicieias ORI Or immediate 
CMP Compare OR! to CCR Or Immediate to 
Compare Address Condition Codes 
Compare Memory OR! to SR Or Immediate to 
Compare Immediate Status Register 
EOR EOR Exclusive Or SUB Subtract 
EORI Exclusive Or Immediate Subtract Address 
EORI to CCR Exciusive Or Immediate Subtract Immediate 
to Condition Codes Subtract Quick 
EORI to SR Exclusive Or Immediate Subtract with Extend 
to Status Register 
@ HITACHI 


534 


Hitachi America Ltd. « 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 


® REGISTER DESCRIPTION AND DATA ORGANIZATION 
The following paragraphs describe the registers and data 
organization of the 68000. 


@ OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, 
a word equals 16 bits, and a long word equals 32 bits. The 
operand size for each instruction is either explicitly encoded 
in the instruction or implicitly defined by the instruction 
operation. Implict instructions support some subset of all three 
sizes. 


@® DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8, 16, 
or 32 bits. The seven address registers together with the active 
stack pointer support address operands of 32 bits. 


DATA REGISTERS 

Each data register is 32 bits wide. Byte operands occupy 
the low order 8 bits, word operands the low order 16 bits, and 
long word operands the entire 32 bits. The least significant bit 
is addressed as bit zero; the most significant bit is addressed 
as bit 31. 

When a data register is used as either a source or destination 
operand, only the appropriate low-order portion is changed; 
the remaining high-order portion is neither used nor changed. 


16 14 13 #12 #11 =#«10 9 


8 
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ADDRESS REGISTERS 

Each address register and the stack pointer is 32 bits wide 
and holds a full 32 bit address. Address registers do not support 
byte sized operands. Therefore, when an address register is used 
us a source operand, either the low order word or the entire 
long word operand is used depending upon the operation size. 
When an address register is used as the destination operand, the 
entire register is affected regardless of the operation size. If the 
Operation size is word, any other operands are sign extended 
to 32 bits before the operation is performed. 


®@ DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte 
having an even address the same as the word, as shown in 
Figure 10. The low order byte has an odd address that is one 
count higher than the word address. Instructions and multibyte 
data are accessed only on word (even byte) boundaries. If a 
long word datum is located at address n (n even), then the 
second word of that datum is located at address n + 2. 

The data types supported by the 68000 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. Each of these data types is put in memory, as 
shown in Figure 11. The numbers indicate the order in which 
the data would be accessed from the processor. 


7 6 5 4 3 2 1 0 


Word 000000 


Byte 000000 


Byte 000001 


Word 000002 


Byte 000002 


Byte 000003 


Word FFFFFE 





Byte FFFFFE 


Byte FFFFFF 


Figure 10 Word Organization in Memory 
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Bit Data 
1 Byte = 8 Bits 
7 6 5 4 3 2 1 0 


Integer Data 


















1 Byte = 8 Bits 
n n+1 
n+2 n+3 
n n+1 
n+2 | n+3 
n+4 nt+5 
1 Long Word = 32 Bits 
15 14 13 12 +11 10 9 8 7 6 5 3 2 #1 #O 
- MSB n+1 
—- — Long Word 0 
n+2 Low Order n+3 
n+4 n+5 
=— —-Long Word 1 
n+6 n+7 
n+8 n+9 
== -Long Word 2-- === -s22e-=--= -— 
n+10 n+11 
Addresses 
1 Address = 32 Bits 
16 14 13 12 11 +10 9 8 7 6 5 4 3 2 1 0 
n |MSB High Order n+1 
wm om Adress 0 ane ame am me we we ee eee oe eee a ee 
n+2 Low Order LSB n+3 
n+4 n+5 
— — Address 1 = mm eee oe meme wm we BR ew wm em wm em em em wm eww ee eee 
n+6 n+7 
n+8 n+9 
wm we © Address 2 « am cme cee ce cee ee wee cee me ee ee es we ee ee we we we we wee ee ee , 
n+10 n+11 
MSB = Most Significant Bit 
LSB = Least Significant Bit ‘ 
Decimal Data 
2 Binary Coded Decimal Digits = 1 Byte 
15 14 #13 #12 #11 ~«10 9 8 7 6 5 4 3 2 1 ) 
MSD 
n + 
BCDO BCD1 LSD BCD2 BCD3 n+1 
n+2 BCD4 BCD5 BCD6 BCD7 n+3 


MSD = Most Significant Digit 
LSD = Least Significant Digit 


Figure 11 Data Organization in Memory 
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® ADDRESSING 
Instructions for the 68000 contain two kinds of information: 


the type of function to be performed, and the location of the 
operand(s) on which to perform that function. The methods 
used to locate (address) the operand(s) are explained in the 
following paragraphs. 
Instructions specify an operand location in one of three 
ways: 
Register Specification — the number of the register is given 
in the register field of the instruction. 
Effective Address — use of the different effective address 
modes. 
Implicit Reference — the definition of certain instructions 
implies the use of specific registers. 


@ INSTRUCTION FORMAT 

Instructions are from one to five words in length, as shown 
in Figure 12. The length of the instruction and the operation 
to be performed is specified by the first word of the instruction 
which is called the operation word. The remaining words 
further specify the operands. These words are either immediate 
operands or extensions to the effective address mode specified 
in the operation word. 


® PROGRAM/DATA REFERENCES 

The 68000 separates memory references into two classes: 
program references, and data references. Program references, as 
the name implies, are references to that section of memory that 






(If An 





Figure 12 


14 13 


15 14 13 12 11 10 : B 7 6 5 4 3 2 1 0 
Operation Word 
Immediate Operand 
Source Effective Address Extension 
Destination Effective Address Extension 
One or Two Words) 
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contains the program being executed. Data references refer to 
that section of memory that contains data. Operand reads are 
from the data space except in the case of the program counter 
relative addressing mode. All operand writes are to the data 
space. 


@ REGISTER SPECIFICATION 

The register field within an instruction specifies the register 
to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 


@ EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using 
the effective address field in the operation word. For example, 
Figure 13 shows the general format of the single effective address 
instruction ‘operation word. The effective address is composed 
of two 3-bit fields: the mode field, and the register field. The 
value in the mode field selects the different address modes. The 
register field contains the number of a register. 

The effective address field may require additional informa- 
tion to fully specify the operand. This additional information, 
called the effective address extension, is contained in the 
following word or words and is considered part of the instruc- 
tion, as shown in Figure 12. The effective address modes are 
grouped into three categories: register direct, memory address- 
ing, and special. 







Instruction Format 


5 4 3 2 1 O 


15 12 11 10 9 8 7 6 
Effective Address 
x dxdepe px] x |x pe ff | ase ee fester | 


Figure 13 Single-Effective-Address Instruction Operation Word General Format 
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REGISTER DIRECT MODES | 
These effective addressing modes specify that the operand 
is in one of the 16 multifunction registers. | 


EXAMPLE 


MPU MEMORY 








$001F00 






OOOOABCD| DO 


MOVE DO, $1F00 


Address Register Direct 
The operand is in the address register specified by the effec- 
tive address register field. 


538 


EXAMPLE 


MPU MEMORY | 


00001234] A4 $201000 





OWL 33CC 
OWL +2 


MOVE A4, $201000 owt +4 T4000 _—~*Y 
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Data Register Direct 
The operand is in the data register specified by the effective 
address register field. | 


COMMENTS 
© EA=Dn 


® Machine Level Coding 


MOVE DO, $1F00 


0011 0001 1100 0000 


Move 


Word Reg #0 
Absolute 
Short 
Data 
Register 
Direct 
COMMENTS 
e@EA=An 


® Machine Level Coding 
MOVE A4, $201000 
0011 0011 1100 1100 


Move Reg #4 
Word Absolute 
Long 
Address 
Register 


Direct 
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EXAMPLE 


MPU MEMORY 


00001234] A4 


OWL 3879 


MOVE $201000, A4 OWL +2 


MEMORY ADDRESS MODES 
These effective addressing modes specify that the operand 
is in memory and provide the specific address of the operand. 


EXAMPLE 





Ge. A 
| 3879 
| 0020 
OWL+4] 1000 
fe etcean) 
ee ete ecko A 
Nee Sas eal 
a 
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COMMENTS 


@EA=An 
@ Address Register Sign Extended 
@ Machine Level Coding 


MOVE $201000, A4 
0011 1000 0111 1001 


Move 
Word Absolute 


Long 
Reg#4 


Address 
Register 
Direct 


Address Register Indirect 

The address of the operand is in the address register specified 
by the register field. The reference is classified as a data refer- 
ence with the exception of the jump and jump to subroutine 
instructions. 


COMMENTS 
@ EA = (An) 


MPU MEMORY 





OWL 


MOVE (AQ), 00 


@ Machine Level Coding 
MOVE (AQ), DO 
0011 Q000 0001 0000 
ft 


a ia 
Move Reg #0 
Word Data 
Register 
Direct 
Reg #0 ARI 
(Address 
Register 
Indirect) 
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Address Register Indirect With Postincrement 

The address of the operand is in the address register specified 
by the register field. After the operand address is used, it is 
incremented by one, two, or four depending upon whether 
the size of the operand is byte, word, or long word. If the 


EXAMPLE 


MPU MEMORY 


00000100} A4 


00000102 





MOVE (A4) +,$2000 


Address Register Indirect With Predecrement 

The address of the operand is in the address register specified 
by the register field. Before the operand address is used, it is 
decremented by one, two, or four depending upon whether 
the operand size is byte, word, or long word. If the address 


EXAMPLE 


MPU MEMORY 


00000100] A3 
[OOOOOOF E 





OWL 
OWL +2 4000 


MOVE — (A3),$4000 








address register is the stack pointer and the operand size is 
byte, the address is incremented by two rather than one to 
keep the stack pointer on a word boundary. The reference is 
classified as a data reference. 


COMMENTS 
@ EA = (An); An + M—®An. 
Where An —» Address Register 
M —>1,2,or4 

(Depending Whether 
Byte, Word, or 
Long Word) 

@ Machine Level Coding 


MQVE (A4) +, $2000 
0011 0001 1101 1100 


Reg #4 
Move 
Word Absolute 
Short = “ARI with 
Increment 


register is the stack pointer and the operand size is byte, the 
address is decremented by two rather than one to keep the 
stack pointer on a word boundary. The reference is classified 
as a data reference. 


COMMENTS 
e An — M—&An; EA = (An) 
Where An— Address Register 
M —~1,2,o0r4 

(Depending Whether 
Byte, Word, or 
Long Word) 

®@ Machine Level Coding 


MOVE — (A3), $4000 


0011 0001 1110 0011 
a ee 
ARI 
Predic- 
Short 
Reg #3 
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Address Register Indirect With Displacement register and the sign-extended 16-bit displacement integer in 

This address mode requires one word of extension. The ad- the extension word. The reference is classified as a data refer- 

dress of the operand is the sum of the address in the address ence with the exception of the jump to subroutine instructions. 
EXAMPLE COMMENTS 


MPU MEMORY 


MOVE $100(A0), $3000 





@EA=Ant dis 
Where An —~ Pointer Register 
dis —~ 16-Bit Displacement 
@ di. Displacement is Sign Extended 
@ Machine Level Coding 


MOVE $100(A0), $3000 
0011 0001 1110 1000 


Absolute Reg #0 
Short 
Move ARI 
Word with 
Displacement 


OWL 
ADDRESS 
CALCULATION: eee 
AO = 00001000 OWL + 4 
di¢ = 00000100 
00001100 
Address Register Indirect With Index eight bits of the extension word, and the contents of the index 
This address mode requires one word of extension. The register. The reference is classified as a data reference with the 
address of the operand is the sum of the address in the address exception of the jump and jump to subroutine instructions. 


register, the sign-extended displacement integer in the low order 


EXAMPLE 


MPU MEMORY 


00002BDC} DO 
00002000 } AO 





MOVE $04(A0, DO), 
$1000 


ADDRESS 
CALCULATION: 
AO = 00002000 
DO = 00002BDC 
_d = 00000004 
00004BE0 
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COMMENTS 
@EA=An+Rx+dy 
Where 
An —+» Pointer Register 
Rx —™ Designated Index Register, 
(Either Address Register or 
Data Register) 
d, —-» 8-Bit Displacement 
@ Rx & ds are Sign Extended 
® Rx may be Word or Long Word 
Long Word may be Designated with Rx.L 
@® Machine Level Coding 


MOVE $04(A0, DO), $1000 
0011 0001 1111 0000 


Move Absolute Reg #0 
Word Short 

ARI 

with 

Index 


0000 0000 0000 0100 


D/A Word Offset 
Reg #0 Constant Zeros 


1068000/ O63 C000 SSS ee 


SPECIAL ADDRESS MODE 

The special address modes use the effective address register 
field to specify the special addressing mode instead of a register 
number. 





Absolute Short Address 

This address mode requires one word of extension. The ad- 
dress of the operand is the extension word. The 16-bit address 
is sign extended before it is used. The reference is classified 
as a data reference with the exception of the jump and jump 
to subroutine instructions. 


EXAMPLE COMMENTS 
© EA = (Next Word) 
MPU MEMORY ® 16-Bit Word is Sign Extended 
— ® Machine Level Coding 
= NOT.L $2000 
$2000 EFFEF >0000 0100 0110 1011 1000 
$2002 0000 > FFFF L.W. 
- Absolute 
Not Instruction Short 
NOT.L $2000 ore : — 
: om. +2{ 2000 
EXAMPLE COMMENTS 
@ EA = (Next Word) 
MPU MEMORY @ 16-Bit Word is Sign Extended 


$1000 


$2000 


7 


MOVE $1000, $2000 ae 


OWL + 2 


OWL +4 2000 





a 
ae 
ES ee 
| 1000 


@ Machine Level Coing 
MOVE $1000, $2000 


0011 0001 1111 #21000 
Move Absolute 
Word Short 


Absolute 
Short 


ll 
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Absolute Long Address 

This address mode requires two words of extension. The 
address of the operand is developed by the concatenation of 
the extension words. The high-order part of the address is the 


EXAMPLE 
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first extension word; the low-order part of the address is the 
second extension word. The reference is classified as a data 
reference with the exception of the jump and jump to sub- 
routine instructions. 


COMMENTS 
@ EA = (Next Two Words) 


MPU MEMORY 


$14000 | 0001 > FFFF 


= 


@ Machine Level Coding 
NEG $014000 
0100 0100 0111 1001 
Size 
NEG Absolute 
Instruction Long 


OWL 
OWL + 2 
OWL + 4 


NEG $014000 


Program Counter With Displacement 

This address mode requires one word of extension. The 
address of the operand is the sum of the address in the program 
counter and the sign-extended 16-bit displacement integer in 


EXAMPLE 


MPU MEMORY 







XXXXABCD| DO 


MOVE (LABEL), DO 


ADDRESS 
CALCULATION: 
PC = 00008002 

d = 00001000 


00009002 < LABEL > $9002 | 








al 


the extension word. The value in the program counter is the ad- 
dress of the extension word. The reference is classified as a pro- 
gram reference. 


COMMENTS 

@ EA = (PC) + die 

@ dig is Sign Extended 
@ Machine Level Coding 


MOVE (LABEL), DO 
0011 0000 0011 1010 


PC with 


Move Data Displacement 


Word Register 
Direct 
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Program Counter With Index 
This address mode requires one word of extension. This 
address is the sum of the address in the program counter, the 
sign-extended displacement integer in the lower eight bits of i 
the extension word, and the contents of the index register. 
The value in the program counter is the address of the extension 
word. This reference is classified as a program reference. 


EA = (PC) + (Rx) +d, 


fo ee (NOTE) 
PC Value |__Instruction | 
Fee os mh el Extension Word 
ae 15 14 13 12 11 10 4 3 2 1 Q 
aan pial reser [wi] oo [0] Oipicenent nae 
Beginning 
Address of PC +d, - : Data Register = 0, Address Register = 1 
Data Table eat : Index Register Number 
Edi . W/L : Sign-extented, low order Word integer 
Gdered Data area ee ae in Index Register = 0 
Location in Table " Long Word in Index Register = 1 
EXAMPLE COMMENTS 
} @ EA = (PC) + (Rx) + ds 
MPU MEMORY Where 


PC —eCurrent Program Counter 

Rx— Designated Index Register 

(Either Data or Address Register) 

ds —*-8-Bit Displacement 

$8000 3038 @ Rx and ds are Sign Extended 

$8002 8010 ® Rx may be Word or Long Word 
Long Word is Designated with Rx.L 

@ Machine Level Coding 








XXXX3456] DO 
00001010 | AO 


<LABEL> 


MOVE (LABEL) (AO), DO 
l-$8012 


0011 0000 0011 1011 


Ui 


Move PC with 
Word index 
Data Register 
Direct 


MOVE (LABEL) (AQ), DO 1000 0000 00010000 





ADDRESS Address 8-Bit Displacement 
CALCULATIONS: Register 
PC = 00008002 Register Constant Zeros 
AO = 00001010 Number 
_d = 00000010 index Length 
00009022 
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Immediate Data 
This address mode requires either one or two words of ex- 
tension depending on the size of the operation. 
Byte operation — operand is low order byte of extension 
word 
Word operation — operand is extension word 
Long word operation — operand is in the two extension 
words, high-order 16 bits are in the first extension word, 
low-order 16 bits are in the second extension word. 


EXAMPLE 
MEMORY 


MPU 








OWL + 2 
MOVE #$1000, AO 


EXAMPLE 


MPU MEMORY 


AUN 


MOVEQ #$5A, D3 


HD68000/HD68HCO0O 


Extension Word 


1 B 7 0 


000000 0 0} Byte 


Low Order 





COMMENTS 

@ Data = Next Word(s) 

@ Data is Sign Extended 
for Address Register 
but not Data Register 


@ Machine Level Coding 
MOVE #$1000, AO 


0011 0000 0111 21100 
Immediate 


Reg #0 
Data 


Move 


Word Address 


Register 
Direct 


COMMENTS 

@ Inherent Data 

@ Data is Sign Extended to Long Word 
® Destination must be a Data Register 
@ Machine Level Coding 


MOVEQ #$5A, D3 


0111 O17 O 0101 1010 

Reg #3 Fixed Immediate 
Move Zero Data 
Quick 
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Condition Codes or Status Register 


A selected set of instructions may reference the status regis- 


ter by means of the effective address field. These are: 


ANDI to CCR 
ANDI to SR 
EORI to CCR 
EORI to SR 


ORI toCCR MPU 


ORI to SR 
MOVE to CCR 
MOVE to SR 
MOVE from SR 


2710}SR 


MOVE $1020, SR 


EXAMPLE 


COMMENTS 
@ EA = (Next Word) 


MEMORY ® Note: This Example is a Privileged 







@ EFFECTIVE ADDRESS ENCODING SUMMARY 


Table 4 is a summary of the effective addressing modes dis- 


cussed in the previous paragraphs. 


Table 4 Effective Address Encoding Summary 


Addressing Mode 
Data Register Direct 
Address Register Direct 
Address Register Indirect 


Address Register Indirect with 
Postincrement 


Address Register Indirect with 
Predecrement 


Address Register Indirect with 
Displacement 


Address Register Indirect with 
Index 


Absolute Short 
Absolute Long 


Program Counter with 
Displacement 


Program Counter with Index 
Immediate 


@ IMPLICIT REFERENCE 


Some instructions make implicit reference to the program 
counter (PC), the system stack pointer (SP), the supervisor 


Register 
register number 
register number 
register number 


register number 
register number 
register number 


register number 


000 
001 


010 


011 
100 


instruction 
@ Machine Level Coding 


MOVE $1020, SR 
0100 0110 1111 1000 


Move to SR Absolute 
Short 


stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). 


SYSTEM STACK 

The system stack is used implicitly by many instructions; 
user stacks and queues may be created and maintained through 
the addressing modes. Address register seven (A7) is the system 
stack pointer (SP). The system stack pointer is either the super- 
visor stack pointer (SSP) or the user stack pointer (USP), de- 
pending on the state of the S-bit in the status register. If the 
S-bit indicates supervisor state, SSP is the active system stack 
pointer, and the USP cannot be referenced as an address re- 
gister. If the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each 
system stack fills from high memory to low memory. 


SYSTEM STACK POINTERS 


User Stack Supervisor Stack 
A7 A7' 
USP SSP 
* * 

® Accessed when S = 0 @ Accessed when S = 1 
@ PC is Stacked on @ PC is Stacked on 

Subroutine Calls in Subroutine Calls in 

User State Supervisor State 

. @ Used for Exception 

* Increasing Addresses Processing 
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The address mode SP @- creates a new item on the active 
system stack, and the address mode SP @ + deletes an item from 
the active system stack. 

The program counter is saved on the active system stack on 
subroutine calls, and restored from the active system stack on 
returns. On the other hand, both the program counter and the 
status register are saved on the supervisor stack during the 
processing of traps and interrupts. Thus, the correct execution 
of the supervisor state code is not dependent on the behavior 
of user code and user programs may use the user stack pointer 
arbitrarily. 

In order to keep data on the system stack aligned properly, 
data entry on the stack is restricted so that data is always put 
in the stack on a word boundary. Thus byte data is pushed on 
or pulled from the system stack in the high order half of the 
word; the lower half is unchanged. 


USER STACKS 

User stacks can be implemented and manipulated by employ- 
ing the address register indirect with postincrement and pre- 
decrement addressing modes. Using an address register (on of 
AO through A6), the user may implement stacks which are filled 
either from high memory to low memory, or vice versa. The 
important things to remember are: 

— using predecrement, the register is decremented before its 
contents are used as the pointer into the stack, 

— using postincrement, the register is incremented after its 
contents are used as the pointer into the stack, 

— byte data must be put on the stack in pairs when mixed 
with word or long data so that the stack will not get 
misaligned when the data is retrieved. Word and long 
accesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 
An@- to push data on the stack, 

An@¢+ to pull data from the stack. 

After eigher a push or a pull operation, register An points to 

the last (top) item on the stack. This is illustrated as: 











low memory 


top of stack 


high memory 


An-——.P 


Stack growth from low to high memory is implemented with 
An@+ to push data on the stack, 
An@- to pull data from the stack. 
After either a push or a pull operation, register An points to 
the next available space on the stack. This is illustrated as: 
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low memory 


bottom of stack 


high memory 





An — 


QUEUES 

User queues can be implemented and manipulated with the 
address register indirect with postincrement or predecrement 
addressing modes. Using a pair of address registers (two of AO 
through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because 
queues are pushed from one end and pulled from the other, two 
registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 

Aput@’+ to put data into the queue, 
Aget@+ to get data from the queue. 

After a put operation, the put address register points to the 
next available space in the queue and the unchanged get address 
register points to the next item to remove from the queue. 
After a get operation, the get address register points to the next 
item to remove from the queue and the unchanged put address 
register points to the next available space in the queue. Thus ts 
illustrated as: 









low memory 


last get (free) 


high memory 


If the queue is to be implemented as a circular buffer, the 
address register should be checked and, if necessary, adjusted 
before the put or get operation is performed. The address regis- 
ter is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 

Aput@- to put data into the queue, 
Aget@ - to get data from the queue. 

After a put operation, the put address register points to the 
last item put in the queue, and the unchanged get address 
register points to the last item removed from the queue. After a 
get operation, the get address register points to the last item 
removed from the queue and the unchanged put address register 
points to the last item put in the queue. This is illustrated as: 
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low memory 


jast get (free) 


high memory 






If the queue is to be implemented as a circular buffer, the 
get or put operation should be performed first, and then the 
address register should be checked and, if necessary, adjusted. 
The address register is adjusted by adding the buffer length 
(in bytes). 


SINSTRUCTION SET SUMMARY 
The following paragraphs contain an overview of the form 

and structure of the 68000 instruction set. The instructions 
form a set of tools that include all the machine functions to 
perform the following operations: 

Data Movement 

Integer Arithmetic 

Logical 

Shift and Rotate 

Bit Manipulation 

Binary Coded Decimal 

Program Control 

System Control 


The complete range of instruction capabilities combined. 


with the flexible addressing modes described previously pro- 
vide a very flexible base for program development. 


@ DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) 
is provided by the move (MOVE) instruction. The move instruc- 
tion and the effective addressing modes allow both address 
and data manipulation. Data move instructions allow byte, 
word, and long word operands to be transferred from memory 
to memory, memory to register, register to memory, and regis- 
ter to memory, and register to register. Address move instruc- 
tions allow word and long word operand transfers and ensure 
that only legal address manipulations are executed. In addition 
to the general move instruction there are several special data 
movement instructions: move multiple registers (MOVEM), 
move peripheral data (MOVEP), exchange registers (EXG), 
load effective address (LEA), push effective address (PEA), 





link stack (LINK), unlink stack (UNLK), and move quick 
(MOVEQ). Table 5 is a summary of the data movement 
operations. 


Table 5 Data Movement Operations 


Instruction Operation 
EXG | 32 Rx @ Ry 
LEA | 32 | EA An 
An > — (SP) 
LINK (se > An; 
SP +d—> SP 
MOVE _|_ 8,16,32_ | (EA)s>EAd 
(EA) > An, Dn 
(EA) > Dn 
MOVEQ | 8 | #xxx>Dn 
PEA | 32s] EA >-(SP) 
SWAP | 32s sn [31:16] & Dn[15:0] 
An Sp; 
ee ese 
(NOTES) 
$s = source —( ) = indirect with predecrement 


( ) + = indirect with postincrement 
# = immediate data 


d = destination 
{ ] = bit numbers 


@ INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations 
of add (ADD), subtract (SUB), multiply (MUL), and divide 
(DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available 
for both address and data operations, with data operations 
accepting all operand sizes. Address operations are limited 
to legal address size operands (16 or 32 bits). Data, address, 
and memory compare operations are also available. The clear 
and negate instructions may be used on all sizes of data oper- 
ands. 

The multiply and divide operations are available for signed 
and unsigned operands using word multiply to produce a long 
word product, and a long word dividend with word divisor to 
produce a word quotien with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplish- 
ed using a set of extended instructions. These instructions are: 
add extended (ADDX), subtract extended (SUBX), sign extend 
(EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition 
codes as a result of a compare of the operand with zero is also 
available. Test and set (TAS) is a synchronization instruction 
useful in multiprocessor systems. Table 6 is a summary of 
the integer arithmetic operations. 
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Table 6 Integer Arithmetic Operations 


Instruction | Operand Size | Operation 
8, 16, 32 Dn +(EA)>Dn 
(EA)+ Dn> EA 
ADD (EA) + #xxx > EA 
16, 32 AN + (EA) > An 
8, 16, 32 Dx + Dy + X > Dx 
ADDX 16, 32 (Ax) + — (Ay) + X > (Ax) 
(EA) > MPU 
8, 16, 32 Dn - (EA) 
(EA) - #xxx 
eee (Ax) + — (Ay) + 
16, 32 An - (EA) 
DIVS | 3216 =| ~Dn(EA)>Dn 
DIVU | —-32+16 | Dnt(EA)> Dn 
8—> 16 (Dn) > Drnig 
EXT 16 > 32 (Dn) 16 Dn32 
MULS 16X16 > 32 Dnx(EA) > Dn 
MULU 16X16 > 32 Dnx(EA) > Dn 
NEG 8, 16, 32 O-(EA)>EA 
NEGX | 8,16,32 | O-(EA)-X-EA 
8, 16, 32 Dn - (EA) > Dn 
(EA) -Dn->EA 
aus (EA) - #xxx > EA 
16, 32 An - (EA) > An 
Dx - Dy - X > Dx 
oui 816,92 ~(Ax) ~~ (Ay) ~ X > (Ax) 
TAS | 8 _—|_ (EA) -0,1 > EAI7] 
rst | 616,02 | (eal-0 
(NOTE) [ ] =bit number 
— ( ) = indirect with predecrement 
( ) + = indirect with postincrement 
# = immediate data 


@ LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT 
ure available for all sizes of integer data operands. A similar 
set of immediate instructions (ANDI, ORI, and EORI) provide 
these logical operations with all sizes of immediate data. Table 
7 is a summary of the logical operations. 


Table 7 Logical Operations 





Instruction Operation 
Dna(EA) — Dn 
AND 8,16, 32 (EA)ADn— EA 
sede (EA) n =xxx - EA 
si Dn v (EA) + Dn 
OR 8,16, 32 (EA) v On— EA 





(EA) v =xxx > EA 
(EA)@Dy > EA 

(EA)@ #xxx - EA 
~ (EA) — EA 












8,16, 32 


[NOTE] ~ = invert 
v = logical OR 
# = immediate data 
A = logical AND 
® = exclusive OR 


@ SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the 
arithmetic instructions ASR and ASL and logical shift instruc- 
tions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All 


HD68000/HD68HCOO0O 


shift and rotate operations can be performed in either registers 
or memory. Register shifts and rotates support all operand 
sizes and allow a shift count specified in the instruction of 
one to eight bits, or O to 63 specified in a data register. 

Memory shifts and rotates are for word operands only and 
allow only single-bit shifts or rotates. Table 8 is a summary 
of the shift and rotate operations. 


Table 8 Shift and Rotate Operations 





Instruction Operation 


@ BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the 
following instructions: bit test (BTST), bit test and set (BSET), 
bit test and clear (BCLR), and bit test and change (BCHG). 
Table 9 is a summary of the bit manipulation operations. 
(Bit 2 of the status register is Z.) 


Table 9 Bit Manipulation Operations 





Instruction Operation | 
BTST "~ bit of (EA) > Z 
wer | om | Goneueal=? 
sn | ame | (gnncea=® 
pons | ome | (pre 


(Note) ~ = invert 


© BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded deci- 
mal numbers are accomplished using the following instructions: 
add decimal with extend (ABCD), subtract decimal with extend 
(SBCD), and negate decimal with extend (NBCD). Table 10 is 
a summary of the binary coded decimal operations. 


Table 10 Binary Coded Decimal Operations 


- (Ax)io - - (Ay)io - X > (Ax) 


—()= indirect with predecrement 














Instruction Operation 
Dx,, +Dy,, +X — Dx 
~(Ax)io + - (Ay)io + X > (Ax) 


Dx,, -Dy,, -X ~ Dx 
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@® PROGRAM CONTROL OPERATIONS 
Program control operations are accomplished using a series 
of conditional and unconditional branch instructions and return 
instructions. These instructions are summarized in Table 11. 
The conditional instructions provide setting and branching 
for the following conditions: 





@ SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privi- 
leged instructions, trap generating instructions, and instructions 
that use or modify the status register. These instructions are 
summarized in Table 12. 








CC — carry clear LS — low or same Table 12 System Control Operations 
CS — carry set LT — less than 
EQ ~ equal MI — minus Instruction Operation 
F — never true NE — not equal eee 
GE -— greaterorequal PL — plus bibieday 
RESET Reset external devices 
GT — greater than T — always true - : ; 
HI — hi gh VCo= no.oveniow RTE eturn from exception 
STOP Stop program execution 
LE — less or equal VS — overflow ORI to SR Logical OR to status register 
MOVE USP Move user stack pointer 
: ANDI to SR Logical AND to status register 
Table 11 Program Control Operations EORI to SR Logical EOR to status register 
MOVE EAto SR Load new status register 
instruction Operation : 
Trap Generating 
Conditional TRAP Trap 
Bcc Branch conditionally (14 conditions) TRAPV Trap on overflow 
8- and 16-bit displacement CHK Check register against bounds 
DBcc Test condition, decrement, and branch Status Register 
16-bit displacement 7 ANDI to CCR Logical AND to condition codes 
Scc Set byte conditionally (16 conditions) EORI to CCR Logical EOR to condition codes 
Unconditional MOVE EA to CCR Load new condition codes 
BRA Branch always OR! to CCR Logical OR to condition codes 
8-and 16-bit displacement MOVE SR to EA Store status register 
BSR Branch to subroutine 
8- and 16-bit displacement 
JMP Jump 
: © BRANCH INSTRUCTION ADDRESSING 
JSR Jump to subroutine 
oe - BRANCH INSTRUCTION FORMAT 
RTR Return and restore condition codes 
RTS Return from subroutine 15 87 0 
Operation Word 8 bit Displacement 
Extension Word 16 bit Displacement if 8 bit Displacement = 0 
RELATIVE, FORWARD REFERENCE, 8-BIT OFFSET 
EXAMPLE COMMENTS 
© Offset Contained in 8 LSBs of Op Word 
MPU MEMORY ® Offset is 2’s Complement Number 
@ If Offset = 0 then Word Offset is Used 
@ Machine Level Coding 
BEQ NEXT 
(z=1] 0110 0111 0001 1110 
ie ee 
Branch Offset 
So ee Branch If 
$5000 671E Equal 
BEQ NEXT 
$5020| Next OP Code 
PC + 2 = 5002 
d= OO1E 
5020 
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RELATIVE, BACKWARD REFERENCE 8-BIT OFFSET 





EXAMPLE COMMENTS 
© Offset Contained in 8 LSBs 
MPU MEMORY of Op Word 
® Offset is 2’s Complement Number 
@ If Offset = 0 then Word 
Offset is Used 
®@ Machine Level Coding 
BNE NEXT 
0110 0110 1101 1110 
Branch Offset 
$4000] Next OP Code Branch If 
Det cecal ee 
d= FFDE 
4000 ee 
RELATIVE, FORWARD REFERENCE, 16-BIT OFFSET 
EXAMPLE COMMENTS 
® Offset in Next Word 
MPU MEMORY e 8-Bit Offset Field = 0 


$4000 
$4002 


g 
8 


Al 


_——_ ss 





$5002] Next OP Code 


Bcc NEXT 


PC + 2 = 4002 
d = + 1000 
5002 


Ul 
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© 2's Complement Offset 
® Machine Level Coding 
Bcc NEXT 
0110 0100 0000 0000 


Branch ero set 


Branch If 
Carry Clear 
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® SIGNAL AND BUS OPERATION DESCRIPTION 

The following paragraphs contain a brief description of the 
input and output signals. A discussion of bus operation during 
the various machine cycles and operations is also given. 


(NOTE) The terms assertion and negation will be used extensively. 
This is done to avoid confusion when dealing with a mixture 
of “‘active-low” and “‘active-high” signals. The term assert or 
assertion is used to indicate that a signal is active or true in- 
dependent of whether that voltage is low or high. The term 
negate or negation is used to indicate that a signal is inactive or 
false. 


© SIGNAL DESCRIPTION 

The input and output signals can be functionally organized 
into the groups shown in Figure 14. The following paragraphs 
provide a brief description of the signals and also a reference 
(if applicable) to other paragraphs that contain more detail 
about the function being performed. 





Vcc (2) Address 
Vga [Bus > Ay~Aas 
CLK 
Do~Dys 
AS 
Fc, a Asynchronous 
Processor FC LDS 
Status FC, pisroprocesonl “TACK one! 
E BR 
HD6800 UMA BG ees 
Peripheral —— 5 K 
Balle VPA ag BGA Control 
— IPLo 


Control 





BERR 7 
System RES iPL Interrupt 
IPL Control 


Figure 14 Input and Output Signals 


ADDRESS BUS (Ai through A23) 

This 23-bit, unidirectional, three-state bus is capable of 
addressing 8 megawords of data. It provides the address for bus 
operation during all cycles except interrupt cycles. During 
interrupt cycles, address lines Ai, Az, and A3. Provide infor- 
mation about what level interrupt is being serviced while address 
lines Aa through Azz are all set to a logic high. 


DATA BUS (Do through D1s) 

This 16-bit, bidirectional, three-state bus is the general 
purpose data path. It can transfer and accept data in either 
word or byte length. During an interrupt acknowledge cycle, 


an external device supplies the vector number on data lines 
Do through D7. 


ASYNCHRONOUS BUS CONTROL 

Asynchronous data transfer are handled using the following 
control signals: address strobe, read/write, upper and lower 
data strobes, and data transfer acknowledge. These signals 
are explained in the following paragraphs. 


Address Strobe (AS) 
This signal indicates that there is a valid address on the 


address bus. 





Read/Write (R/W) 

This signal defines the data bus transfer as a read or write 
cycle. The R/W signal also works in conjunction with the upper 
and lower data strobes as explained in the following paragraph. 


Upper and Lower Data Strobes (UDS, LDS) 

These signals control the data on the data bus, as shown 
in Table 13. When the R/W line is high, the processor will read 
from the data bus as indicated. When the R/W line is low, the 
processor will write to the data bus as shown. 


Table 13 Data Strobe Control of Data Bus 


UDS Do~ Dr 
High No validdata_| No valid data 


High Valid data bits Valid data bits 
g 8~ 15 O~7 


Valid data bits 
O~7 





Low | Low 


No valid data 





High L ow High 
‘Valid data bits 


Low High High 8~ 15 


Low Low Valid data bits Valid data bits 
8~ 15 O~7 

iane. | Low a Valid data bits Valid data bits 

oe data bits Valid data bits 


* These conditions are a result of current implementation and may not 
appear on future devices. 






No valid data 





Data Transfer Acknowledge (DTACK) 

This input indicates that the data transfer is completed. 
When the processor recognizes DTACK during a read cycle, 
data is latched and the bus cycle terminated. When DTACK 
is recognized during a write cycle, the bus cycle is terminated. 
(Refer to ASYNCHRONOUS VERSUS SYNCHRONOUS OP. 
ERATION) 


BUS ARBITRATION CONTROL 
These three signals form a bus arbitration circuit to deter- 
mine which device will be the bus master device. 


Bus Request (BR) 

This input is wire ORed with all other devices that could 
be bus masters. This input indicates to the processor that 
some other device desires to become the bus master. 


Bus Grant (BG) 

This output indicates to all other potential bus master 
devices that the processor will release bus control at the end 
of the current bus cycle. . 


Bus Grand Acknowledge (BGACK) 

This input indicates that some other device has become the 
bus master. This signal cannot be asserted until the following 
four conditions are met: 

(1) A Bus Grant has been received 

(2) Address Strobe is inactive which indicates that the 

microprocessor is not using the bus 

(3) Data Transfer Acknowledge is inactive which indicates 
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that neither memory nor peripherals are using the bus 
(4) Bus Grant Acknowledge is inactive which indicates that 
no other device is still claiming bus mastership. 


INTERRUPT CONTROL (IPLy, IPL,, IPL) 

These input pins indicate the encoded priority level of the 
device requesting an interrupt. Level seven is the highest priority 
while level zero indicates that no interrupts are requested. 
Level seven can not be masked. The least significant bit is given 
in IPLo and the most significant bit is contained in IPIo. 
These lines must remain stable until the processor signals inter- 
rupt acknowledge (FCo ~ FCz are all high) to insure that the 
interrupt is recognized. 


SYSTEM CONTROL 

The system control inputs are used to either reset or halt 
the processor and to indicate to the processor that bus errors 
have occurred. The three system control inputs are explained 
in the following paragraphs. 


Bus Error (BERR) 

This input informs the processor that there is a problem 
with the cycle currently being executed. Problems may be a 
result of: 

(1) Nonresponding devices 

(2) Interrupt vector number acquisition failure 

(3) Illegal access request as determined by a memory man- 

_ agement unit 

(4) Other application dependent errors. 

The bus error signal interacts with the halt signal to deter- 
mine if exception processing should be performed or if the 
current bus cycle should be retried. 

Refer to BUS ERROR AND HALT OPERATION paragraph 
for additional information about the interaction of the bus 
error and halt signals. 


Reset (RES) 

This bidirectional signal line acts to reset (initiate a system 
initialization sequence) the processor in response to an external 
reset signal. An internally generated reset (result of a RESET 
instruction) causes all external devices to be reset and the 
internal state of the processor is not affected. A total system 
reset (processor and external devices) is the result of external 
HALT and RESET signals applied at the same time. Refer to 
RESET OPERATION paragraph for additional information 
about reset operation. 


Halt (HALT) 

When this bidirectional line is driven by an external device, 
it will cause the processor to stop at the completion of the 
current bus cycle. When the processor has been halted using 
this input, all control signals are inactive and all three-state lines 
are put in their high-impedance state. Refer to BUS ERROR 
AND HALT OPERATION paragraph for additional information 
about the interaction between the halt and bus error signals. 

When the processor has stopped executing instructions, such 
as in a double bus fault condition, the halt line is driven by the 
processor to indicate to external devices that the processor has 


stopped. 
HMCS6800 PERIPHERAL CONTROL 


These control signals are used to allow the interfacing of syn- 
chronous HD6800 peripheral devices with the asynchronous 
68000. These signals are explained in the following paragraphs. 
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Enable (E) 

This signal is the standard enable signal common to all 
HD6800 type peripheral devices. The period for this output is 
ten 68000 clock periods (six clocks low; four clocks high). En- 
able is generated by an internal ring counter which may come 
up in any state (i.e., at power on, it is impossible to guarantee 
phase relationship of E to CLK), E is a free-running clock and 
runs regardless of the state of the bus on the MPU. 


Valid Peripheral Address (VPA) 

This input indicates that the device or region addressed is a 
HD6800 family device and that data transfer should be syn- 
chronized with the enable (E) signal. This input also indicates 
that the processor should use automatic vectoring for an inter- 
rupt. Refer to INTERFACE WITH HD6800 PERIPHERALS. 
ALS. : 


Valid Memory Address (VMA) 

This output is used to indicate to HD6800 peripheral devices 
that there is a valid address on the address bus and the processor 
is synchronized to enable. This signal only responds to a valid 
peripheral address (VPA) input which indicates that the periph- 
eral is a HD6800 family device. 


PROCESSOR STATUS (FC, FC,, FC) 

These function code outputs indicate the state (user or 
supervisor) and the cycle type currently being executed, as 
shown in Table14. The information indicated by the function 
code outputs is valid whenever address strobe (AS) is active. 


Table 14 Function Code Outputs 


FC, FC, Cycle Type 

Low (Undefined, Reserved) 

cowe (low Role erode 
Low } High | Low User Program 

Low | High | High (Undefined, Reserved) 

High (Undefined, Reserved) 

High Low | High Superviser Data 

High | High | Low | Supervisor Program 

High | High | High Interrupt Acknowledge 


CLOCK (CLK) 

The clock input is a TTL-compatible signal that is internally 
buffered for development of the internal clocks needed by the 
processor. The clock input should not be gated off at any time, 
and the clock signal must conform to minimum and maximum 
pulse width time. 


SIGNAL SUMMARY 
Table 15 is a summary of all the signals discussed in the 
previous paragraphs. 


@ BUS OPERATION 

The following paragraphs explain control signal and bus 
operation during data transfer operations, bus arbitration, bus 
error and halt conditions, and reset operation. 
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Table 15 Signal Summary 








| Signal Name 
Address Bus ~ Ar 
Data Bus eo 
Address Strobe a aa 
Upper and Lower Data Strobes | UDS, LDS 
Data Transfer Acknowledge 
Bus Request 
Bus Grant 
Bus Grant Acknowledge 
Interrupt Priority Level IPLo, IPL,, PL, 
Bus Error BERR 
Reset 
Halt 
Enable 


Valid Memory Address 
Valid Peripheral Address 


Function Code Output FCo, FC,, FC, 


Glock 

Power Input Vec 

Ground 
* Open drain 


DATA TRANSFER OPERATIONS 

Transfer of data between devices involve the following leads: 

(1) Address Bus A, through A3 

(2) Data Bus Do through Dj; 

(3) Control Signals 

The address and data buses are separate parallel buses used 
to transfer data using an asynchronous bus structure. In all 
cycles, the bus master assumes responsibility for deskewing 
all signals it issues at both the start and end of a cycle. In 
addition, the bus master is responsible for deskewing the ac- 
knowledge and data signals from the slave device. 

The following paragraphs explain the read, write, and read- 
modify-write cycles. The indivisible read-modify-write cycle 
is the method used by the 68000 for interlocked multiprocessor 
communications. 


Read Cycle 

During a read cycle, the processor receives data from memo- 
ry or a peripheral device. The processor reads bytes of data 
in all cases. If the instruction specifies a word (or double word) 
Operation, the processor reads both upper and lower bytes 
simultaneously by asserting both upper and lower data strobes. 
When the instruction specifies byte operation, the processor 
uses an internal Ao bit to determine which byte to read and 
then issues the data strobe required for that byte. For bytes 
operations, when the Ao bit equals zero, the upper data strobe 
is issued. When the Ao bit equals one, the lower data strobe is 
issued. When the data is received, the processor correctly posi- 
tions it internally. 

A word read cycle flow chart is given in Figure 15. A byte 


= 
>il > 4 


* 


Three State 


Input/Output Active State 
ee Ee BGACK [On HALT 


high yes 
input/output high ae yes 
output low yes no 


no 
no 
no 
no 
no 
no 
input no 
input/output no 
input/output no 
output 


output 


no 
no 
no 
no 


no 


read cycle flow chart is given in Figure 16. Read cycle timing is 
given in Figure 17. Figure 18 details word and byte read cycle 
operations. Refer to these illustrations during the following 
detailed. 

At state zero (SO) in the read cycle, the address bus (A, 
through A.3) is in the high impedance state. A function code 
is asserted on the function code output line (FC) through FC,). 
The read/write (R/W) signal is switched high to indicate a read 
cycle. One half clock cycle later, at state 1, the address bus is 
released from the high impedance state. The function code 
outputs indicate which address space that this cycle will operate 
on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper and 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address bus is held valid through 
State 7 to allow for static memory operation and signal skew. 
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2) Place Function Code on FCo ~ FC; 

3) Place Address on A, ~ A23 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) and Lower 
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tnput Data 
1) Decode Address 
2) Place Data on Dy ~ D1; 
3) Assert Data Transfer Acknowledge 
DTACK 
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Acquire Data 
1) Latch Data 
2) Negate UDS and LDS 
3) Negate AS 


| 


Terminate Cycle 
1) Remove Data from Do ~ Dis 
2) Negate DTACK 





| 


Start Next Cycle 


Figure 15 Word Read Cycle Flow Chart 
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Address Device 


1) Set R/W to Read 

2) Place Function Code on FCy ~ FC, 

3) Place Address on Ai ~ A23 

4) Assert Address Strobe (AS) 

5) Assert Upper Data Strobe (UDS) or Low- 
er Data Strobe (LDS) (based on Ao) 


| 


Input Data 


1) Decode Address 

2) Place Data on De ~ D> or Dg ~ Dis (based 
on UDS or LDS) 

3) Assert Data Transfer Acknowledge 
(DTACK) 





Acquire Data 
1) Latch Data 
2) Negate UDS or LDS 
3) Negate AS 
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Terminate Cycle 


1) Remove Data from D, ~D, or Dy ~ Dis 
2) Negate DTACK 
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Start Next Cycle 


Figure 16 Byte Read Cycle Flow Chart 
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Figure 17 Read and Write Cycle Timing Diagram 
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Figure 18 Word and Byte Read Cycle Timing Diagram 


The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The 
slave device keeps its data asserted until it detects the negation 
of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer 
acknowledge within one clock period of recognizing the nega- 
tion of the address or data strobes. Note that the data bus might 
not become free and data transfer acknowledge might not be 
removed until state 0 or 1. 

When address strobe is negated, the slave device is released. 
Note that a slave device must remain selected as long as address 
strobe is asserted to ensure the correct functioning of the read- 
modify-write cycle. 


Write Cycle 

During a write cycle, the processor sends data to memory 
or a peripheral device. The processor writes bytes of data in 
all cases. If the instruction specifies a word operation, the pro- 
cessor writes both bytes. When the instruction specifies a byte 
operation, the processor uses an internal Ag bit to determine 
which byte to write and then issues the data strobe required 
for that byte. For byte operations, when the Ao bit equals zero, 
the upper data strobe is issued. When the Ao bit equals one, 
the lower data strobe is issued. A word write cycle flow chart is 
given in Figure 19. A byte write cycle flow chart is given in 
Figure 20. Write cycle timing is given in Figure 17. Figure 21 
details word and byte write cycle operation. Refer to these 
illustrations during the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (A; 
through A,;) is in the high impedance state. A function code is 
asserted on the function code output line (FC) through FC>). 


(NOTE) The read/write (R/W) signal remains high until state 2 to pre- 
vent bus conflicts with preceding read cycles. The data bus is 
not driven until state 3. 


One half clock later, at state 1, the address bus is released 
from the high impedance state. The function code outputs 
indicate which address space that this cycle will operate on. 

In state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. The memory 
or peripheral device uses the address bus and the address strobe 
to determine if it has been selected. During state 2, the read/ 
write signal is switched low to indicate a write cycle. When 
external processor data bus buffers are required, the read/write 
line provides sufficient directional control. Data is not asserted 
during this state to allow sufficient turn around time for ex- 
ternal data buffers (if used). Data is asserted onto the data bus 
during state 3. 

In state 4, the data strobes are asserted as required to indi- 
cate that the data bus is stable. The selected device uses the 
read/write signal and the data strobes to take its information 
from the data bus. The selected device asserts data transfer 
acknowledge (DTACK) when it has successfully stored the data. 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. 

During state 7, address strobe and the upper and/or lower 
data strobes are negated. The address and data buses are held 
valid through state 7 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 7 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper and/or lower data strobe. The slave device must 
remove its data transfer acknowledge within one clock period 
after recognizing the negation of the address or data strobes. 
Note that the processor releases the data bus at the end of state 
7 but that data transfer acknowledge might not be removed 
until state O or 1. When address strobe is negated, the slave 
device is released. 
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Figure 19 Word Write Cycle Flow Chart Figure 20 Byte Write Cycle Flow Chart 
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Figure 21 Word and Byte Write Cycle Timing Diagram 
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Read-Modify-Write Cycle 

The read-modify-write cycle performs a read, modifies the 
data in the arithmetic-logic unit, and writes the data back to the 
same address. In the 68000 this cycle is indivisible in that 
the address strobe is asserted throughout the entire cycle. The 
test and set (TAS) instruction uses this cycle to provide mean- 
ingful communication between processors in a multiple pro- 
cessor environment. This instruction is the only instruction that 
uses the read-modify-write cycle and since the test and set in- 
Struction only operates on bytes, all read-modify-write cycles 
are byte operations. A read-modify-write cycle flow chart is 
given in Figure 22 and a timing diagram is given in Figure 23. 
Refer to these illustrations during the following detailed discus- 
sions. 

At state zero (SO) in the read-modify-write cycle, the address 
bus (A, through A.3) is in the high impedance state. A function 
code is asserted on the function code output line (FC) through 
FC,). The read/write (R/W) signal is switched high to indicate 
a read cycle. One half clock cycle later, at state 1, the address 
bus is released from the high impedance state. The function 
code outputs indicate which address space that this cycle will 
operate on. 

In state 2, the address strobe (AS) is asserted to indicate that 
there is a valid address on the address bus and the upper or 
lower data strobe (UDS, LDS) is asserted as required. The mem- 
ory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. The selected device 
uses the read/write signal and the data strobe to place its infor- 
mation on the data bus. Concurrent with placing data on the 
data bus, the selected device asserts data transfer acknowledge 
(DTACK). 

Data transfer acknowledge must be present at the processor 
at the start of state 5 or the processor will substitute wait states 
for states 5 and 6. State 5 starts the synchronization of the 
returning data transfer acknowledge. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal 
data bus holding register. 

During state 7, the upper or lower data strobe is negated. 
The address bus, address strobe, read/write signal, and function 
code outputs remain as they were in preparation for the write 
portion of the cycle. The slave device keeps its data asserted 
until it detects the negation of the upper or lower data strobe. 
The slave device must remove its data and data transfer ac- 
knowledge within one clock period of recognizing the negation 
of the data strobes. Internal modification of data may occur 
from state 8 to state 11. 


(NOTE) The read/write signal remains high until state 14 to prevent bus 
conflicts with the preceding read portion of the cycle and the 
data bus is not asserted by the processor until state 15.. 


In state 14, the read/write signal is switched low to indicate 
a write cycle. When external processor data bus buffers are 
required, the read/write line provides sufficient directional 
control. Data is not asserted during this state to allow sufficient 
turn around time for external data buffers (if used). Data is 
asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate 





that the data bus is stable. The selected device uses the read/ 
write signal and the data strobe to take its information from the 
data bus. The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored its data. 


Data transfer acknowledge must be present at the processor 
at the start of state 17 or the processor will substitute wait 
states for states 17 and 18. State 17 starts the synchronization 
of the returning data transfer acknowledge for the write portion 
of the cycle. The bus interface circuitry issues requests for 
subsequent internal cycles during state 18. 

During state 19, address strobe and the upper or lower data 
Strobe is negated. The address and data buses are held valid 
through state 19 to allow for static memory operation and 
signal skew. The read/write signal and the function code outputs 
also remain valid through state 19 to ensure a correct transfer 
operation. The slave device keeps its data transfer acknowledge 
asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove 
its data transfer acknowledge within once clock period after 
recognizing the negation of the address or data strobes. Note 
that the processor releases the data bus at the end of state 19 
but that data transfer acknowledge might not be removed until 
state 0 or 1. When address strobe is negated the slave device is 
released. 


BUS ARBITRATION 

Bus arbitration is a technique used by master-type devices 
to request, be granted, and acknowledge bus mastership. In its 
simplest form, it consists of: 

(1) Asserting a bus mastership request. 

(2) Receiving a grant that the bus is available at the end of 

the current cycle. . 

(3) Acknowledging that mastership has been assumed. 

Figure 24 is a flow chart showing the detail involved in a 
request from a single device. Figure 25 is a timing diagram for 
the same operations. This technique allows processing of bus 
requests during data transfer cycles. 

The timing diagram shows that the bus request is negated 
at the time that an acknowledge is asserted. This type of oper- 
ation would be true for a system consisting of the processor 
and one device capable of bus mastership. In systems having 
a number of devices capable of bus mastership, the bus request 
line from each device is wire ORed to the processor. In this 
system, it is easy to see that there could be more than one bus 
request being made. The timing diagram shows that the bus 
grant signal is negated a few clock cycles after the transition 
of the acknowledge (BGACK) signal. 

However, if the bus requests are still pending, the processor 
will assert another bus grant within a few clock cycles after 
it was negated. This additional assertion of bus grant allows 
external arbitration circuitry to select the next bus master 
before the current bus master has completed its requirements. 
The following paragraphs provide additional information about 
the three steps in the arbitration process. 
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Address Device 


1) Set R/W to Read 

2) Place Function Code on FC, ~ FC, 

3) Place Address on A; ~ Aas 

4) Assert Address Strobe (AS) __ 

5) Assert Upper Data Strobe (UDS) or 
Lower Data Strobe (LDS) 


Input Data 


1) Decode Address 

2) Place Data on Do ~D, or Dg ~ Dis 

3) Assert Data Transfer Acknowledge 
(OTACK) 

















Acquire Data 


1) Latch Data 

2) Negate UDS or COS 

3) Start Data Modification Terminate Cycle 

1) Remove Data from Dy ~D,7 or Dg ~ Dis 


2) Negate DTACK 


Start Output Transfer 
1) Set R/W to Write 
2) Place Data on Dy ~D-, or Dg ~ Di; 
3) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 


Input Data 


1) Strobe Dataon D, ~D, or Ds, ~Di; 
2) Assert Data Transfer Acknowledge 





(DTACK) 









Terminate Output Transfer 


1) Negate UDS or LDS 
2) Negate AS 
3) Remove Data from Dp ~D, or Dg ~ Dis 


4) Set R/W to Read 
Terminate Cycle 


1) Negate DTACK 


a ale cae aa 


Start Next Cycle 


Figure 22 Read-Modify-Write Cycle Flow Chart 
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Figure 23 Read-Modify-Write Cycle Timing Diagram 
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PROCESSOR REQUESTING DEVICE 
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1) Assert Bus Request (BR) 
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Grant Bus Arbitration 
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Terminate Arbitration 
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| 
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cycles) according to the same rules the pro- 


cessor uses. 


<—— 


Release Bus Mastership 
1) Negate BGACK 


| 


Re-Arbitrate or Resume Processor 
Operation 


Figure 24 Bus Arbitration Cycle Flow Chart 








Requesting the Bus 

External devices capable of becoming bus masters request 
the bus by asserting the bus request (BR) signal. This is a wire 
ORed signal (although it need not be constructed from open 
collector devices) ‘that indicates to the processor that some 
external device requires control of the external bus. The pro- 
cessor is effectively at a lower bus priority level that the ex- 
ternal device and will relinquish the bus after it has completed 
the last bus cycle it has started. 

When no acknowledge is received before the bus request 
signal goes inactive, the processor will continue processing 
when it detects that the bus request is inactive. This allows 
ordinary processing to continue if the arbitration circuitry 
responded to noise inadvertently. 


Receiving the Bus Grant = 

The processor asserts bus grant (BG) as soon as possible. 
Normally this is immediately after internal synchronization. 
The only exception to this occurs when the processor has made 
an internal decision to execute the next bus cycle but has not 
progressed far enough into the cycle to have asserted the address 
strobe (AS) signal. In this case, bus grant will not be asserted 
until one clock after address strobe is asserted to indicate to 
external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained 
network or through a specific priority-encoded network. The 
processor is not affected by the external method of arbitration 
as long as the protocol is obeyed. 


Acknowledgement of Mastership 

Upon receiving a bus grant, the requesting device waits 
until address strobe, data transfer acknowledge, and bus grant 
acknowledge are negated before issuing its own BGACK. The 
negation of the address strobe indicates that the previous 
master has completed its cycle, the negation of bus grant 
acknowledge indicates that the previous master has released 
the bus. (While address strobe is asserted no device is allowed 
to ‘‘break into” a cycle.) The negation of data transfer acknowl- 
edge indicates the previous slave has terminated its connection 
to the previous master. Note that in some applications data 
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Figure 25 Bus Arbitration Cycle Timing Diagram 
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transfer acknowledge might not enter into this function. Gen- 
eral purpose devices would then be connected such that they 
were only dependent on address strobe. When bus grant ac- 
knowledge is issued the device is bus master until it negates 
bus grant acknowledge. Bus grant acknowledge should not be 
negated until after the bus cycle(s) is (are) completed. Bus 
mastership is terminated at the negation of bus grant acknowl- 
edge. 

The bus request from the granted device should be drop- 
ped after bus grant acknowledge is asserted. If a bus request 
is still pending, another bus grant will be asserted within a few 
clocks of the negation of bus grant. Refer to Bus Arbitration 
Control section. Note that the processor does not perform 
any external bus cycles before it re-asserts bus grant. 


BUS ARBITRATION CONTROL 

The bus arbitration control unit in the 68000 is implemented 
with a finite state machine. A state diagram of this machine is 
shown in Figure 26. All asynchronous signals to the 68000 are 
synchronized before being used internally. This synchronization 
is accomplished in a maximum of one cycle of the system clock, 
assuming that the asynchronous input setup time (47) has 


RA 





R = Bus Request internal 

A = Bus Grant Acknowledge Internal 

G = Bus Grant 

T = Three-State Control to Bus Control Logic* * 
X = Don’t Care 


* State machine will not change state if bus is in SO. Refer to BUS 
ARBITRATION CONTROL for additional information. 
** The address bus will be placed in the high impedance state if T is 
asserted and AS is negated. 


Figure 26 State Diagram of 68000 Bus 
Arbitration Unit 
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been met (see Figure 27). The input signal is sampled on the 
falling edge of the clock and is valid internally after the next 
falling edge. 

As shown in Figure 26, input signals labeled R and A are 
internally synchronized on the bus request and bus grant 
acknowledge pins respectively. The bus grant output is lebeled 
G and the internal three-state control signal T. If T is true, the 
address, data, function code line, and control buses are placed 
in a high-impedance state when AS is negated. All signals are 
shown in positive logic (active high) regardless of their true 
active voltage level. 

State changes (valid outputs) occur on the next rising edge 
after the internal signal is valid. 

A timing diagram of the bus arbitration sequence during a 
processor bus cycle is shown in Figure 28. The bus arbitration 
sequence while the bus is inactive (ie., executing internal 
operations such as a multiply instruction) is shown in Figure 29. 

If a bus request is made at a time when the MPU has already 
begun a bus cycle but AS has not been asserted (bus state SO), 
BG will not be asserted on the next rising edge. Instead, BG will 
be delayed until the second rising edge following it’s internal 
assertion. This sequence is shown in Figure 30. 


Internal Signal Valid 


External Signal Sampled _ 


CLK 


BR (External) 





BR (Internal) — 


Figure 27 Timing Relationship of External Asynchronous 
Inputs to Internal Signals 
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Figure 28 Bus Arbitration During Processor Bus Cycle 
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Figure 29 Bus Arbitration with Bus Inactive 
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Figure 30 Bus Arbitration During Processor Bus Cycle Special Case 


BUS ERROR AND HALT OPERATION 

In a bus architecture that requires a handshake from an ex- 
ternal device, the possibility exists that the handshake might not 
occur. Since different systems will require a different maximum 
response time, a bus error input is provided. External circuitry 
must be used to determine the duration between address strobe 
and data transfer acknowledge before issuing a bus error signal. 
When a bus error signal is received, the processor has two 
options initiate a bus error exception sequence or try running 
the bus cycle again. 


Exception Sequence 

When the bus error signal is asserted, the current bus cycle 
is terminated. If BERR is asserted before the falling edge of 
S2,~AS will be negated in S7 in either a read or write cycle. 
As long as BERR remains asserted, the data and address buses 
will be in the high-impedance state. When BERR is negated, 
the processor will begin stacking for exception processing. 
Figure 31 is a timing diagram for the exception sequence. 
The sequence is composed of the following elements. 

(1) Stacking the program counter and status register 

(2) Stacking the error information 

(3) Reading the bus error vector table entry 

(4) Executing the bus error handler routine 

The stacking of the program counter and the status register 
is the same as if an interrupt had occurred. Several additional 








items are stacked when a bus error occurs. These items are used 
to determine the nature of the error and correct it, if possible. 
The bus error vector is vector number two located at address 
$000008. The processor loads the new program counter from 
this location. A software bus error handler routine is then 
executed by the processor. Refer to EXCEPTION PROCESS- 
ING for additional information. 


Re-Running the Bus Cycle 

When, during a bus cycle, the processor receives a bus error 
signal and the halt pin is being driven by an external device, 
the processor enters the re-run sequence. Figure 32 is a timing 
diagram for re-running the bus cycle. 

The processor terminates the bus cycle, then puts the address 
and data output lines in the high-impedance state. The processor 
remains “‘halted,” and will not run another bus cycle until the 
halt signal is removed by external logic. Then the processor 
will re-run the previous bus cycle using the same address, the 
same function codes, the same data (for a write operation), and 
the same controls. The bus error signal should be removed at 
least one clock cycle before the halt signal is removed. 


(NOTE) The processor will not re-run a read-modify-write cycle. This 
restriction is made to guarantec that the entire cycle runs cor- 
rectly and that the write operation of a Test-and-Set operation 
is performed without ever releasing AS. If BERR and HALT 
are asserted during a read-modify-write bus cycle, a bus error 
operation results. 
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Figure 31 Bus Error Timing Diagram 
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Figure 32 Re-Run Bus Cycle Timing Information 


Halt Operation with No Bus Error 

The halt input signal to the 68000 perform a Halt/Run/ 
Single-Step function in a similar fashion to the HD6800 halt 
function. The halt and run modes are somewhat self explana- 
tory in that when the halt signal is constantly active the proces- 
sor “halts” (does nothing) and when the halt signal is constantly 
inactive the processor “runs” (does something). 

The single-step mode is derived from correctly timed transi- 
tions on the halt signal input. It forces the processor to execute 
a single bus cycle by entering the ‘“‘run’’ mode until the pro- 
cessor starts a bus cycle then changing to the “‘halt’’ mode. 
Thus, the single-step mode allows the user to proceed through 
(and therefore debug) processor operations one bus cycle at a 


time. 
Figure 33 details the timing required for correct single-step 


operations and Figure 34 shows a simple circuit for providing 
the single-step function. Some care must be exercised to avoid 
harmful interactions between the bus error signal and the halt 


pin when using the single cycle mode as a debugging tool. This 
is also true of interactions between the halt and reset lines 
since these can reset the machine. 

When the processor completes a bus cycle after recognizing 
that the halt signal is active, most three-state signals are put 
in the high-impedance state. These include: 

(1) Address lines 

(2) Data lines 

This is required for correct performance of the re-run bus 
cycle operation. 

While the processor is honoring the halt request, bus arbitra- 
tion performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function and the hardware trace capability allow 
the hardware debugger to trace single bus cycles or single in- 
structions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 
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Figure 33 Halt Signal Timing Characteristics 


+5V 


MODE 


SINGLE 


STEP : 
MODE 
+5V 
SINGLE ) 
STEP 
\ | STEP 


RUN/SINGLE STEP 





+5V 


= HALT 


(To Processor) 


* OPEN COLLECTOR 
DEVICE 


STEP 


: Sil: AS (From Processor) 
RESET 


Figure 34 Simplified Single-Step Circuit 


Double Bus Faults 

When a bus error exception occurs, the processor will at- 
tempt to stack several words containing information about 
the state of the machine. If a bus error exception occurs during 
the stacking operation, there have been two bus errors in a row. 
This is commonly referred to as a double bus fault. When a 
double bus fault occurs, the processor will halt. Once a bus 
error exception has occurred, any bus error exception occurring 
before the execution of the next instruction constitutes a dou- 
ble bus fault. 

Note that a bus cycle which is re-run does not constitute a 
bus error exception, and does not contribute to a double bus 


fault. Note also that this means that as long as the external 
hardware requests it, the processor will continue to re-run 
the same bus cycle. 

The bus error pin also has an effect on processor operation 
after the processor receives an external reset input. The pro- 
cessor reads the vector table after a reset to determine the ad- 
dress to start program execution. If a bus error occurs while 
reading the vector table (or at any time before the first instruc- 
tion is executed), the processor reacts as if a double bus fault 
has occurred and it halts. Only an external reset will start a 
halted processor. 
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RESET OPERATION 

The reset signal is a bidirectional signal that allows either the 
processor or an external signal to reset the system. Figure 35 
is a timing diagram for the reset operations. Both the halt and 
reset lines must be asserted to ensure total reset of the pro- 
cessor. 

When the reset and halt lines are driven by an external 
device, it is recognized as an entire system reset, including 
the processor. The processor responds by reading the reset 
vector table entry (vector unumber zero, address $000000) 
and loads it into the supervisor stack pointer (SSP). Vector 
table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes 
the status register to an interrupt level of seven. No other 


CLK 
Plus 5 Volts- ~$--emrems 


registers are affected by the reset sequence. 

When a RESET instruction is executed, the processor drives 
the reset pin for 124 clock periods. In this case, the processor 
is trying to reset the rest of the system. Therefore, there is 
no effect on the internal state of the processor. All of the 
processor’s internal registers and the status register are un- 
affected by the execution of a RESET instruction. All external 
devices connected to the reset line should be reset at the com- 
pletion of the RESET instruction. 

Asserting the Reset and Halt pins for 10 clock cycles will 
cause a processor reset, except when Vcc is initially applied 
to the processor. In this case, an external reset must be applied 
for 100 milliseconds. 


v 
os tt > 100 Milliseconds —w| . 
RES | enon 

HALT | 


pw} <4 


fase (1) 04 


(NOTES) 
1) Internal start-up time 4) PC High read in here 
2) SSP High read in here 5) PC Low read in here 


3) SSP Low read in here 6) First instruction fetched here. 


(2) (3) (4) (5) (6) 


Bus State Unknown: XXXXKX 


All Control Signals Inactive. 
Data Bus In Read Mode: — 


Figure 35 Reset Operation Timing Diagram 





THE RELATIONSHIP OF DTACK, BERR, AND HALT 

In order to properly control termination of a bus cycle for a 
re-run or a bus error condition, DTACK, BERR, and HALT 
should be asserted and negated on the rising edge of the 
68000 clock. This will assure that when two signals are asserted 
simultaneously, the required setup time G47) for both of them 
will be met during the same bus state. 

This, or some equivalent precaution, should be designed 
external to the 68000. Parameter #48 is intended to ensure this 
operation in a totally asynchronous system, and may be ignored 
if the above conditions are met. 

The preferred bus cycle terminations may be summarized 
as follows (case numbers refer to Table 16): 

Normal Termination: © DTACK occurs first (case 1). 

Hait Termination: HALT is asserted at the same time or 
before DTACK and BERR remains 
negated (cases 2 and 3). 

Bus Error Termination: BERR is asserted in lieu of, at the same 

time, or before DTACK (case 4); BERR 

is negated at the same time or after 

DTACK. 

HALT and BERR are asserted in lieu 

of, at the same time, or before DITACK 

















Re-Run Termination: 


(cases 6 and 7); HALT must be held at 
least one cycle after BERR. Case §S in- 


dicates BERR may precede HALT 
which allows fully asynchronous asser- 
tion. 

Table 16 details the resulting bus cycle termination under 
various combinations of control signal sequences. The nega- 
tion of these same control signals under several conditions is 
shown in Table 17 (DTACK is assumed to be negated normal- 
ly in all cases; for best results, both DTACK and BERR should 
be negated when address strobe is negated.) 

Example A: A system uses a watch-dog timer to terminate 
accesses to un-populated address space. The timer asserts 
DTACK and BERR simultaneously after time-out. (case 4), 

Example B: A system uses error detection on RAM con- 
tents. Designer may (a) delay DTACK until data verified, and 
return BERR and HALT simultaneously to re-run error cycle 
(case 6), or if valid, return DTACK; (b) delay DTACK until 
data verified. and return BERR at same time as DTACK if 
data in error (case 4); (c) return DTACK prior to data verifica- 
tion, as described in previous section. If data invalid, BERR is 
asserted (case 1) in next cycle. Error-handling software must 
know how to recover error cycle. 
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Table 16 DTACK, BERR, HALT Assertion Results 


































































Terminate and re-run when HALT removed. 


Asserted on Rising 
Case No. Control Signal Edge of State Result 
N N +2 
DTACK A S 
1 BERR NA x Normal cycle terminate and continue. 
| HALT | _NA X | 
DTACK A S 
2 BERR NA x Normal cycle terminate and halt. Continue when HALT removed. 
| HALT A S 
DTACK NA A 
3 BERR NA NA Normal cycle terminate and halt. Continue when HALT removed. 
| HALT A S 
DTACK | % | x 
4 BERR A S Terminate and take bus error trap. 
| HALT NA NA 
x 
S Terminate and re-run. 
A 
X a 
S Terminate and re-run when HALT removed. 
S 
xX 
A 
S 





gend: 


N — The number of the current even bus state (e.g., S4, S6, etc.) 

A — Signal is asserted in this bus state 

NA — Signal is not asserted in this state 

X — Don't care 

S  — Signal was asserted in previous state and remains asserted in this state 





Table 17 BERR and HALT Negation Results 


Conditions of 
Termination in 


Table A N N+2 
e e 
Bus Error 6 cs e 
e 
Normal 





ASYNCHRONOUS VERSUS SYNCHRONOUS OPERATION 


Asynchronous Operation 

To achieve clock frequency independence at a system level, 
the 68000 can be used in an asynchronous manner. This 
entails using only the bus handshake lines (AS, UDS, LDS, 
DTACK, BERR, HALT, and VPA) to control the data transfer, 
Using this method, AS signals the start of a bus cycle and the 
data strobes are used as a condition for valid data on a write 
cycle. The slave device (memory or peripheral) then responds by 
placing the requested data on the data bus for a read cycle 
or latching data on a write cycle and asserting the data transfer 
acknowledge signal (DTACK) to terminate the bus cycle. If 
no slave responds or the access is invalid, external control logic 





Negated on Rising 
Edge of State 


Results — Next Cycle 


Takes bus error trap. 
illegal sequence; usually traps to vector number 0. 
Re-runs the bus cycle. 


May lengthen next cycle. 








If next cycle is started it will be terminated as a bus error. 


asserts the BERR, or BERR and HALT, signal to abort or 
re-run the bus cycle. 
The DTACK signal is allowed to be asserted before the data 


from a slave device is valid on a read cycle. The length of 


time that DTACK may precede data is given as parameter #31 
and it must be met in any asynchronous system to insure that 
valid data is latched into the processor. Notice that there is no 
maximum time specified from the assertion of AS to the asser- 
tion of DTACK. This is because the MPU will insert wait cycles 
of one clock period each until DTACK is recognized. 

The BERR signal is allowed to be asserted after the DTACK 
signal is asserted. BERR must be asserted within the time given 
as parameter #48 after DTACK is asserted in any asynchronous 
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system to insure proper operation. If this maximum delay time 
is violated, the processor may exhibit erratic behavior. 


Synchronous Operation 

To allow for those systems which use the system clock as a 
signal to generate DITACK and other asynchronous inputs, 
the asynchronous input setup time is given as parameter #47. If 
this setup is met on an input, such as DTACK, the processor is 
guaranteed to recognize that signal on the next falling edge of 
the system clock. However, the converse is not true — if the 
input signal does not meet the setup time it is not guaranteed 
not to be recognized. In addition, if DTACK is recognized 
on a falling edge, valid data will be latched into the processor 
(on a read cycle) on the next falling edge provided that the data 
meets the setup time given as parameter #27. Given this, para- 
meter #31 may be ignored. Note that if DTACK is asserted, 
with the required setup time, before the falling edge of S4, no 
wait status will be incurred and the bus cycle will run at its 
maximum speed of four clock periods. 

In order to assure proper operation in a synchronous system 
when BERR is asserted after DTACK, BERR must meet the 
setup time parameter #27A prior to the falling edge of the clock 
one clock cycle after DTACK was recognized. This setup time 
is critical to proper operation, and the HD68000 may exhibit 
erratic behavior if it is violated. 





(NOTE) 


During an active bus cycle, VPA and BERR are sampled 
on every falling edge of the clock starting with SO. 
DTACK is sampled on every falling edge of the clock 
starting with S4 and data is latched on the falling edge of 
S6 during a read. The bus cycle will then be terminated 
in S7 except when BERR is asserted in the absence of 
DTACK, in which case it will terminate one clock cycle 
later in S9, 





= PROCESSING STATES 

This section describes the actions the 68000 which are out- 
side the normal processing associated with the execution of 
instructions. The functions of the bits in the supervisor portion 
of the status register are covered: the supervisor/user bit, the 
trace enable bit, and the processor interrupt priority mask. 
Finally, the sequence of memory references and actions taken 
by the processor on exception conditions is detailed. 

The 68000 _ is always in one of three processing states: 
normal, exception, or halted. The normal processing state is 
that associated with instruction execution: the memory ref- 
erences are to fetch instructions and operands, and to store 
results. A special case of the normal state is the stopped state 
which the processor enters when a STOP instruction is exe- 
cuted. In this state, no further memory references are made. 

The exception processing state is associated with interrupts, 
trap instructions, tracing and other exceptional conditions. 
The exception may be internally generated by an instruction 
or by an unusual condition arising during the execution of 
an instruction. Externally, exception processing. can be forced 
by an interrupt, by a bus error, or by a reset. Exception process- 
ing is designed to provide an efficient context switch so that 
the processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic 
hardware failure. For example, if during the exception pro- 
cessing of a bus error another bus error occurs, the processor 


assumes that the system is unusable and halts. Only an external 
reset can restart a halted processor. Note that a processor in the 
stopped state is not in the halted state, nor vice versa. 


PROCESSING STATES 


INSTRUCTION 
EXECUTION 
(INCLUDING STOP) 


INTERRUPTS 
TRAPS 
TRACING ETC. 


HARDWARE HALT 
DOUBLE BUS FAULT 


NORMAL 













EXCEPTION 


HALTED 


® PRIVILEGE STATES 

The processor operates in one of two states of privilege: 
the “user” state or the “‘supervisor” state. The privilege state 
determines which operations are legal, are used to choose 
between the supervisor stack pointer and the user stack pointer 
in instruction references, and may be used by an external 
memory management device to control and translate accesses. 

The privileges state is a mechanism for providing security 
in a computer system. Programs should access only their own 
code and data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing 
most programs to execute in user state. In this state, the ac- 
cesses are controlled, and the effects on other parts of the 
system are limited. The operating system executes in the super- 
visor state, has access to all resources, and performs the over- 
head tasks for the user state programs. 


SUPERVISOR STATE 

The supervisor state is the higher state of privilege. For 
instruction execution, the supervisor state is determined by 
the S-bit of the status register; if the S-bit is asserted (high), 
the processor is in the supervisor state. All instructions can be 
executed in the supervisor state. The bus cycles generated by 
instructions executed in the supervisor state are classified as 
supervisor references. While the processor is in the supervisor 
privilege state, those instructions which use either the system 
stack pointer implicitly or address register Seven explicitly 
access the supervisor stack pointer. 

All exception processing is done in the supervisor state, 
regardless of the setting of the S-bit. The bus cycles generated 
during exception processing are classified as supervisor refer- 
ences. All stacking operations during exception processing use 
the supervisor stack pointer. 


USER STATE 

The user state is the lower state of privilege. For instruction 
execution, the user state is determined by the S-bit of the status 
register; if the S-bit is negated (low), the processor is executing 
instructions in the user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have im- 
portant system effects are made privileged. User programs 
are not permitted to execute the STOP instruction, or the 
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RESET instruction. To ensure that a user program cannot 
enter the supervisor state except in a controlled manner, the 
instructions which modify the whole status register are privi- 
leged. To aid in debugging programs which are to be used as 
operating systems, the move to user stack pointer (MOVE 
to USP) and move from user stack pointer (MOVE from USP) 
instructions are also privileged. 

The bus cycles generated by an instruction executed in 
user state are classified as user state references. This allows 
an external memory management device to translate the ad- 
dress and to control access to protected portions of the address 
space. While the processor is in the user privilege state, those 
instructions which use either the system stack pointer im- 
plicitly, or address register seven explicitly, access the use stack 
pointer. 


PRIVILEGE STATE CHANGES 

Once the processor is in the user state and executing instruc- 
tions, only exception processing can change the privilege state. 
During exception processing, the current setting of the S-bit 
of the status register is saved and the S-bit is asserted, putting 
the processing in the supervisor state. Therefore, when instruc- 
tion execution resumes at the address specified to process the 
exception, the processor is in the supervisor privilege state. 


USE R/SUPERVISOR MODES 


TRANSITION ONLY MAY OCCUR 
DURING EXCEPTION PROCESSING 





TRANSITION MAY BE MADE BY: 
RTE; MOVE, ANDI, EORI TO STATUS WORD 


REFERENCE CLASSIFICATION 

When the processor makes a reference, it classifies the kind 
of reference being made, using the encoding on the three func- 
tion code output lines. This allows external translation of ad- 
dresses, control of access, and differentiation of special pro- 
cessor states, such as interrupt acknowledge. Table 18 lists the 
classification of references. 


Table 18 Reference Classification 


Function Code Output 
e Reference Class 


Supervisor Data 
Supervisor Program 
Interrupt Acknowledge 


FC. 

0 | o | o | (Unassigned) 
0 a User Data 
0 | oa | Oo User Program 
0 ie Me sl kee ll (Unassigned) 
1 | o | o | (Unassigned) 
1 fo]. 

a 

Tae 
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@ EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, 
a general description of exception processing is in order. The 
processing of an exception occurs in four steps, with variations 
for different exception causes. During the first step, a tem- 
porary copy of the status register is made, and the status register 
is set for exception processing. In the second step the exception 
vector is determined, and the third step is the saving of the 
current processor context. In the fourth step a new context is 
obtained, and the processor switches to instruction processing. 


EXCEPTION VECTORS 

Exception vectors are memory locations from which the 
processor fetches the address of a routine which will handle 
that exception. All exception vectors are two words in length 
(Figure 36), except for the reset vector, which is four words. 
All exception vectors lie in the supervisor data space, except 
for the reset vector which is in the supervisor program space. 
A vector number is an eight-bit number which, when multiplied 
by four, gives the address of an exception vector. Vector num- 
bers are generated internally or externally depending on the 
cause of the exception. In the case of interrupts, during the 
interrupt acknowledge bus cycle, a peripheral provides an 8-bit 
vector number (Figure 37) to the processor on data bus lines Do 
through D,. The processor translates the vector number into 
a full 24-bit address, as shown in Figure 38. The memory layout 
for exception vectors is given in Table 19. 

As shown in Table 19,the memory layout is 512 words 
long (1024 bytes). It starts at address 0 and proceeds through 
address 1023. This provides 255 unique vectors; some of these 
are reserved for TRAPS and other system functions. Of the 
255, there are 192 reserved for user interrupt vectors. However, 
there is no protection on the first 64 entries, so user interrupt 
vectors may overlap at the discretion of the systems designer. 


KINDS OF EXCEPTIONS 

Exceptions can be generated by either internal or external 
causes. The externally generated exceptions are the interrupts 
and the bus error and reset requests. The interrupts are requests 
from peripheral devices for processor action while the bus 
error and reset inputs are used for access control and processor 
restart. The internally generated exceptions come from instruc- 
tions, or from address error or tracing. The trap (TRAP), trap 
on overflow (TRAPV), check register against bounds (CHK) 
and divide (DIV) instructions all can generate exceptions as 
part of their instruction execution. In addition, illegal instruc- 
tions, word fetches from odd addresses and privilege violations 
cause exceptions. Tracing behaves like a very high priority, 
internally generated interrupt after each instruction execution. 


EXCEPTION PROCESSING SEQUENCE 

Exception processing occurs in four identifiable steps. In 
the first step, an internal copy is made of the status register. 
After the copy is made, the S-bit is asserted, putting the pro- 
cessor into the supervisor privilege state. Also, the T-bit is 
negated which will allow the exception handler to execute 
unhindered by tracing. For the reset and interrupt exceptions, 
the interrupt priority mask is also updated. 

In the second step, the vector number of the exception is 
determined. For interrupts, the vector number is obtained by 
a processor fetch, classified as an interrupt acknowledge. For 
all other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the address of 
the exception vector. 
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Word 0 AO=0, A1=0 


New Program Counter (High) 
New Program Counter (Low) 


Figure 36 Exception Vector Format 


Word 1 A0=0, A1=1 


D15 D8 D7 . DO 


Where: 


A23 


v7 is the MSB of the Vector Number 
vO is the LSB of the Vector Number 


Figure 37 Peripheral Vector Number Format 


A10 AQ A8 A7 AB AS A4 AZ A2 Al AD 


Figure 38 Address Translated From 8-Bit Vector Number 


Table 19 Exception Vector Assignment 























Vector Address 
Number(s) | Dec | Hex | Space _| 
0 _o | co | | 
2 | 8 | os | sD 
3 | 2 | oe | 
4 fe I6 O1O |. SD 
5 20 | oe | SD 
24 [oe | sp | 
7 28 dic | sD 
3 22 [00 | sD 
9 36 | om | so 
10 40 o2 | sp | 
Z “a | 090 | sp | 
12* [48 o30 | spd | 
13" 52 034 SD 
14* 56 038 | sD | 
15 60 o3c | sp | 
series 64 040 
24 96 oo | sD | 
25 100 064 | sD | 
26 104 os | sd | 
27 108 occ | spd | 
2a | te Tome |S 
30 | 120 | oe | 
31 124 | ore | SD 
81 | 08 
eee L182 [0c 
| 255 | OFF 
pas Oe ae 
| 1023 | FF 


nn 


SP: Supervisor program, SD: Supervisor data 


* Vector numbers 12, 13, 14, 16 through 23 and 48 through 63 are reserved for future enhancements by Hitachi. 
No user peripheral devices should be assigned these numbers. 
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Assignment 


Reset: Initial SSP 
Reset: Initial PC 
Bus Error 

Address Error 
lilegal Instruction 
Zero Divide 

CHK Instruction 
TRAPV Instruction 
Privilege Violation 





Trace 

Line 1010 Emulator 

Line 1111 Emulator 
(Unassigned, reserved) 
(Unassigned, reserved) 
(Unassigned, reserved) 
Uninitialized Interrupt Vector 


(Unassigned, reserved) 


Spurious Interrupt 

Level 1 Interrupt Autovector 
Level 2 Interrupt Autovector 
Level 3 Interrupt Autovector 
Level 4 Interrupt Autovector 
Level 5 Interrupt Autovector 
Level 6 Interrupt Autovector 
Level 7 Interrupt Autovector 


TRAP Instruction Vectors 
(Unassigned, reserved) 


User Interrupt Vectors 


Fg Te D6 8000/HDESHCO0O 


The third step is to save the current processor status, ex- 
cept for the reset exception. The current program counter 
value and the saved copy of the status register are stacked 
using the supervisor stack pointer as shown in Figure 39. The 
program counter value stacked usually points to the next un- 
executed instruction, however for bus error and address error, 
the value stacked for the program counter is unpredictable, and 
may be incremented from the address of the instruction which 


15 14 13 12 11 10 


Lower Address 


Higher Address 


caused the error. Additional information defining the current 
context is stacked for the bus error and address error excep- 
tions. 

The last step is the same for all exceptions. The new program 
counter value is fetched from the exception vector. The pro- 
cessor then resumes instruction execution. Then instruction 
at the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 





Figure 39 Exception Stack Order (Group 1, 2) 
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Figure 40 Exception Processing Sequence (Not Reset) 
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MULTIPLE EXCEPTIONS 

These paragraphs describe the processing which occurs 
when multiple exceptions arise simultaneously. Exceptions 
can be grouped according to their occurrence and priority. The 
Group O exceptions are reset, bus error, and address error. 
These exceptions cause the instruction currently being executed 
to be aborted, and the exeception processing to commence 
within two clock cycles. The Group | exceptions are trace and 
interrupt, as well as the privilege violations and illegal instruc- 
tions. These exceptions allow the current instruction to execute 
to completion, but preempt the execution of the next instruc- 
tion by forcing exception processing to occur (privilege viola- 
tions and illegal instructions are detected when they are the 
next instruction to be executed). The Group 2 exceptions 
occur as part of the normal processing of instructions. The 
TRAP, TRAPV, CHK, and zero divide exceptions are in this 
group. For these exceptions, the normal execution of an instruc- 
tion may lead to exception processing. 

Group 0 exceptions have highest priority, while Group 2 
exceptions have lowest priority. Within Group 0, reset has 
highest priority, followed by address error and then bus error. 
Within Group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and _privi- 
lege violation. Since only one instruction can be executed at 
a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines 
which is taken, or taken first, if the conditions for both arise 
simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing is aborted. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T-bit is asserted, the trace exception has priority, 
and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and instruc- 
tion processing commences finally in the interrupt handler 
routine. A summary of exception grouping and priority is given 
in Table 20. 


Table 20 Exception Grouping and Priority 


Reset 
Address Error 
Bus Error 





Processing 






Exception processing begins 
within two clock cycles. 














Trace 
Interrupt 
Illegal 

Privilege 
TRAP, TRAPV 


CHK, 
Zero Divide 


Exception processing begins 
before the next instruction 







Exception processing is started by 
normal instruction execution 





RECOGNITION TIMES OF EXCEPTIONS, 
HALT, AND BUS ARBITRATION 


END OF ACLOCK CYCLE 
RESET 


END OF A BUS CYCLE 
ADDRESS ERROR 
BUS ERROR 
HALT 
BUS ARBITRATION 


END OF AN INSTRUCTION CYCLE 
TRACE EXCEPTION 
INTERRUPT EXCEPTIONS 
ILLEGAL INSTRUCTION 
UNIMPLEMENTED INSTRUCTION 
PRIVILEGE VIOLATION 


WITHIN AN INSTRUCTION CYCLE 
TRAP, TRAPV 
CHK 
ZERO DIVIDE 


@ EXCEPTION PROCESSING DETAILED DISCUSSION 

Exceptions have a number of sources, and each exception 
has processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 


RESET 

The reset input provides the highest exception level. The 
processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in pro- 
gress at the time of the reset is aborted and cannot be recovered. 
The processor is forced into the supervisor state, and the trace 
state is forced off. The processor interrupt priority mask is set 
at level seven. The vector number is internally generated to 
reference the reset exception vector at location 0 in the super- 
visor program space. Because no assumptions can be made about 
the validity of register contents, in particular the supervisor 
stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words 
of the reset exception vector is fetched as the initial supervisor 
stack pointer, and the address in the last two words of the 
reset exception vector is fetched as the initial program counter. 
Finally, instruction execution is started at the address in the 
program counter. The power-up/restart code should be pointed 
to by the initial program counter. 

The RESET instruction does not cause loading of the reset 
vector, but does assert the reset line to reset external devices. 
This allows the software to reset the system to a known state 
and then continue processing with the next instruction. 
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Figure 41 Reset Exception Processing 


INTERRUPTS 

Seven levels of interrupt priorities are provided. Devices 
may be chained externally within interrupt priority levels, 
allowing an unlimited number of peripheral devices to inter- 
rupt the processor. Interrupt priority levels are numbered 
from one to seven, with level seven being the highest priority. 
The status register contains a three-bit mask which indicates the 
current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor 
priority. 

An interrupt request is made to the processor by encoding 
the interrupt request level on the interrupt request lines; a 
zero indicates no interrupt request. Interrupt requests arriving 
at the processor do not force immediate exception processing, 


but are made pending. Pending interrupts are detected between 
instruction executions. If the priority of the pending interrupt 
is lower than or equal to the current processor priority, exe- 
cution continues with the next instruction and the interrupt 
exception processing is postponed. (The recognition of level 
seven is slightly different, as explained in a following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence 
is started. First a copy of the status register is saved, and the 
privilege state is set to supervisor, tracing is suppressed, and 
the processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number 
from the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of 
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the interrupt being acknowledged on the address bus. If external 
logic requests an automatic vectoring, the processor internally 
generates a vector number which is determined by the interrupt 
level number. If external logic indicates a bus error, the ‘inter- 
rupt is taken to be spurious, and the generated vector number 
references the spurious interrupt vector. The processor then 
proceeds with the usual exception processing, saving the pro- 
gram counter and status register on the supervisor stack. The 
saved value of the program counter is the address of the instruc- 
tion which would have been executed had the interrupt not 
been present. The content of the interrupt vector whose vector 
number was previously obtained is fetched and loaded into the 
program counter, and normal instruction execution commences 
in the interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 42, a timing diagram is 
given in Figure 43, and the interrupt exception timing sequence 
is shown in Figure 44. 


Table 21 Internal interrupt Level 











Interrupt 
Non-Maskable Interrupt 















Maskable Interrupt 




















No Interrupt 


(NOTE) The internal interrupt mask level (12, 11, 10) are inverted to the 
logic level applied to the pins (TPL, , IPL, , IPLo). 


CLK 
Aa ~ Ars 
A, a A; 


PROCESSOR INTERRUPTING DEVICE 


Request Interrupt 


——— 


Grant Interrupt 

1) Compare interrupt level in status register 

and wait for current instruction to complete 
2) Place interrupt level on Ai, Az, A3 
3) Set R/W to read 
4) Set function code to interrupt acknowledge 
5) Assert address strobe (AS) 
6) Assert lower data strobe (UDS* and LDS) 


—— 


Provide Vector Provide Vector Number 


1) Place vector number of Dy ~ D, 
2) Assert data transfer acknowledge (DTACK) 


-—— 


Acquire Vector Number 


1) Latch vector number 
2) Negate UDS* and LDS 


3) Negate AS l 


Release 
1) Negate DTACK 


— 


Start Interrupt Start Interrupt Processing 





* Although a vector number is one byte, both data strobes 
are asserted due to the microcode used for exception 
processing. The processor does not recognize anything 
on data lines Dg through D;; at this time. 


Figure 42 Interrupt Acknowledge Sequence Flow Chart 














IACK \ 
Last Bus Cycle of Instruction Stack (Vector NOPE Ae acan : Gan Stack and 


(Read or Write) Idle PCL Vector Fetch 
| | | (SSP) | | 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines D, through D,;; at this time. 


Figure 43 Interrupt Acknowledge Sequence Timing Diagram 
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Stack 
Status 
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Fetch First Word 
of Instruction 
of Interrupt 
Routine 


Note: SSP refers to the value of the supervisor stack pointer before the interrupt occurs. 


Figure 44 Interrupt Exception Timing Sequence 


Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus pro- 
viding a “non-maskable interrupt” capability. An interrupt is 
generated each time the interrupt request level changes from 
some lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by an 
instruction. 


UNINITIALIZED INTERRUPT 

An interrupting device asserts VPA or provides an interrupt 
vector during an interrupt acknowledge cycle to the 68000. 
If the. vector register has not been initialized, the responding 
HD68000 Family peripheral will provide vector 15, the un- 
itialized interrupt vector. This provides a uniform way to 
recover from a programming error. 


SPURIOUS INTERRUPT 

If during the interrupt acknowledge cycle no device responds 
by asserting DTACK or VPA, the bus error line should be assert- 
ed to terminate the vector acquisition. The processor separates 
the processing of this error from bus error by fetching the 
spurious interrupt vector instead of the bus error vector. The 
processor then proceeds with the usual exception processing. 


INSTRUCTION TRAPS 

Traps are exceptions caused by instructions. They arise 
either from processor recognition of abnormal conditions 
during instruction execution, or from use of instructions whose 
normal behavior is trapping. 

Some instructions are used specifically to generate traps. 
The TRAP instruction always forces an exception, and is useful 
for implementing system calls for user programs. The TRAPV 
and CHK instructions force an exception if the user program 
detects a runtime error, which may be an arithmetic overflow 
or a subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) in- 
structions will force an exception if a division operation is 
attempted with a divisor of zero. 


ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS 

Illegal instruction is the term used to refer to any of the 
word bit patterns which are not the bit pattern of the first 
word of a legal instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs. 


Word patterns with bits 15 through 12 equaling 1010 or 
1111 are distinguished as unimplemented instructions and 
separate exception vectors are given to these patterns to per- 
mit efficient emulation. This facility allows the operating 
system to detect program errors, or to emulate unimplemented 
instructions in software. 


ILLEGAL INSTRUCTION EXAMPLE 
MOVE DO, #$1000 


MOVE OP WORD 


0011 100111 000 000 

MOVE IMMEDIATE DATA REGISTER 

WORD REGISTER NUMBER 
DIRECT “Oo” 


PRIVILEGE VIOLATIONS 

In order to provide system security, various instructions 
are privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. 
The privileged instruction are: 


STOP AND (word) Immediate to SR 
RESET EOR (word) Immediate to SR 
RTE OR (word) Immediate to SR 
MOVE toSR MOVE USP 

TRACING 


To aid in program development, the 68000 includes a facility 
to allow instruction by instruction tracing. In the trace state, 
after each instruction is executed an exceptions is forced, allow- 
ing a debugging program to monitor the execution of the pro- 
gram under test. 

The trace facility uses the T-bit in the supervisor portion 
of the status register. If the T-bit is negated (off), tracing is 
disabled, and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated after the execution of that instruction is 
completed. If the instruction is not executed. either because 
an interrupt is taken, or the instruction is illegal or privileged, 
the trace exception does not occur. The trace exception also 
does not occur if the instruction is aborted by a reset, bus 
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error, or address error exception. If the instruction is indeed ex- 
ecuted and an interrupt is pending on completion, the trace 
exception is processed before the interrupt exception. If, during 
the execution of the instruction, an exception is forced by that 
instruction, the forced exception is processed before the trace 
exception. 

As an extreme illustration of the above rules, consider the 
arrival of an interrupt during the execution of a TRAP instruc- 
tion while tracing is enabled. First the trap exception is pro- 
cessed, then the trace exception, and finally the interrupt ex- 
ception. Instruction execution resumes in the interrupt handler 
routine. 


TRACE MODE 
IF T=1 


STATUS REGISTER 


AFTER EACH MAIN 
INSTRUCTION] procRam 










RETURN TO 
EXECUTE 
NEXT 
INSTRUCTION 


TRACE 
PROGRAM 


ADDRESS OBTAINED 
FROM VECTOR TABLE 


1. If, upon completion of an instruction, T = 1, 
go to trace exception processing. 

. Execute trace exception sequence. 

. Execute trace service routine. 

. At the end of the service routine, execute 
return from exception (RTE). 


& WRN 


BUS ERROR 

Bus error exceptions occur when the external logic requests 
that a bus error be processed by an exception. The current bus 
cycle which the processor is making is then aborted. Whether 
the processor was doing instruction or exception processing, 
that processing is terminated, and the processor immediately 
begins exception processing. 

Exception processing for bus error follows the usual se- 
quence of steps. The status register is copied, the supervisor 
state is entered, and the trace state is turned off. The vector 
number is generated to refer to the bus error vector. Since the 
processor was not between instructions when the bus error 
exception request was made, the context of the processor is 


more detailed. To save more of this context, additional infor- 


mation is saved on the supervisor stack. The program counter 


and the copy of the status register are of course saved. The value 
saved for the program counter is advanced by some amount, 
one to five words beyond the address of the first word of the 
instruction which made the reference causing the bus error. If 
the bus error occurred during the fetch of the next instruction, 
the saved program counter has a value in the vicinity of the 
current instruction, even if the current instruction is a branch, 
a jump, or a return instruction. Besides the usual information, 
the processor saves its internal copy of the first word of the 
instruction being processed, and the address which was being 
accessed by the aborted bus cycle. Specific information about 
the access is also saved: whether it was a read or a write, wheth- 
er the processor was processing an instruction or not, and the 
classification displayed on the function code outputs when 
the bus error occurred. The processor is processing an instruc- 
tion if it is in the normal state or processing a Group 2 excep- 
tion; the processor is not processing an instruction if it is pro- 
cessing a Group 0 or a Group | exception. Figure 45 illustrates 
how this information is organized on the supervisor stack. 
Although this information is not sufficient in general to effect 
full recovery from the bus error, it does allow software diag- 
nosis. Finally, the processor commences instruction processing 
at the address contained in the vector. It is the responsibility 
of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a 
bus error, address error, or reset, the processor is halted, and 
all processing cases. This simplifies the detection of catastrophic 
system failure, since the processor removes itself from the 
system rather than destroy all memory contents. Only the 
RES pin can restart a halted processor. 


ADDRESS ERROR 

Address error exceptions occur when the processor attempts 
to access a word or a long word operand or an instruction at 
an odd address. The effect is much like an internally generated 
bus error, so that the bus cycle is aborted, and the processor 
ceases whatever processing it is currently doing and begins 
exception processing. After exception processing commences, 
the sequence is the same as that for bus error including the 
information that is stacked, except that the vector number 
refers to the address error vector instead. Likewise, if an address 
error occurs during the exception processing for a bus error, 
address error, or reset, the processor is halted. As shown in 
Figure 46, an address error will execute a short bus cycle follow- 
ed by exception processing. 
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Instruction Register 
Status Register 


— —Program Counter 





R/W (read/write): write = 0, read = 1. I/N (instruction/not) : instruction = 0, not = 1 


Figure 45 Exception Stack Order (Group 0) 
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Figure 46 Address Error Timing 


@ INTERFACE WITH HD6800 PERIPHERALS 

Hitachi’s extensive line of HD6800 peripherals are directly 
compatible with the 68000. Some of these devices that are par- 
ticularly useful are: 


HD6821 ‘Peripheral Interface Adapter 
HD6840 =‘ Programmable Timer Module 
HD6843 Floppy Disk Controller 


HD6845S_ CRT Controller 
HD46508 Analog Data Acquisition Unit 


HD6850 = Asynchronous Communication Interface 
Adapter 
HD6852 = Synchronous Serial Data Adapter 


To interface the synchronous HD6800 peripherals with the 
asynchronous 68000, the processor modifies its bus cycle to meet 
the HD6800 cycle requirements whenever an HD6800 device 
address is detected. This is possible since both processors use 
memory mapped I/O. Figure 48 is a flow chart of the interfer- 
ence operation between the processor and HD6800 devices. 


e DATA TRANSFER OPERATION 

Three signals on the processor provide the HD6800 interface. 
They are enable (E), valid memory address (VMA), and valid 
peripheral address (VPA). Enable corresponds to the E or ¢, 
signal in existing HD6800 systems. The bus frequency is one 
tenth of the incoming 68000 clock frequency. The timing of E 
allows 1 MHz peripherals to be used with an 8 MHz 68000. 
Enable has a 60/40 duty cycle; that is, it is low for six input 
clocks and high for four input clocks. This duty cycle allows the 
processor to do successive VPA accesses on successive E pulses. 

HD6800 cycle timing is given in Figures 49 and 50. At state 
zero (SQ) in the cycle, the address bus is in the high-impedance 
state. A function code is asserted on the function code output 
lines. One-half clock later, in state 1 the address bus is released 
from the high-impedance state. 


During state 2, the address strobe (AS) is asserted to in- 
dicate that there is a valid address on the address bus. If the 
bus cycle is a read cycle, the upper and/or lower data strobes 
are also asserted in state 2. If the bus cycle is a write cycle, 
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Figure 47 Connection of HD6800 Peripherals 


the read/write (R/W) signal is switched to low (write) during 
state 2. One half clock later, in state 3, the write data is placed 
on the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 


The VPA input signals the processor that the address on the 
bus is the address of an HD6800 device (or an area reserved for 
HD6800 devices) and that the bus should conform to the ¢, 
transfer characteristics of the HD6800 bus. Valid peripheral 
address is derived by decoding the address bus, conditioned by 
address strobe. Chip select for the HD6800 peripherals should 
be derived by decoding the address bus conditioned by VMA. 

After the recognition of VPA, the processor assures that the 
Enable (E) is low, by waiting if necessary, and subsequently 
asserts VMA. Valid memory address is then used as part of the 
chip select equation of the peripheral. This ensures that the 
HD6800 peripherals are selected and deselected at the correct 
time. The peripheral now runs in cycle during the high portion 
of the E signal. Figures 49 and 50 depict the best and worst case 
HD6800 cycle timing. This cycle length is dependent strictly 
upon when VPA is asserted in relationship to the E clock. 
dependent strictly upon when VPA is asserted in relationship 
to the E clock. . 

If we assume that external circuitry asserts VPA as soon as 
possible after the assertion of AS, then VPA will be recognized 
as being asserted on the falling edge of S4. In this case, no 
“extra” wait cycles will be inserted prior to the recognition of 
VPA asserted and only the wait cycles inserted to synchronize 
with the E clock will determine the total length of the cycle. 
In any case, the synchronization delay will be some integral 
number of clock cycles within the following two extremes: 

1. Best Case — VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three 
clock cycles after E falls). 

2. Worst Case -- VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises(or four clock 
cycles after E falls). 

During a read cycle, the processor latches the peripheral 
data in state 6. For all cycles, the processor negates the address 
and data strobes one half clock cycle later in state 7, and the 
Enable signal goes low at this time. Another half clock later, 
the address bus is put in the high-impedance state. During a 
write cycle, the data bus is put in the high-impedance state 


PROCESSOR SLAVE 
Initiate Cycle 


1) The processor starts a normal Read or 
Write cycle 


Define HD6800 Cycle 
1) External hardware asserts Valid Peripheral 


Address (VPA) 


Synchronize With Enable 
1) The processor monitors Enable (E) until it is 
low (Phase 1): 
The processor asserts Valid Memory Address 
(VMA) 


2 


_— 


Transfer Data 


1) The peripheral waits until E is active and 
then transfers the data 


Terminate Cycle 
The processor waits until E goes low. (Ona 
Read cycle the data is latched as E goes 
low internally) 
2) The processor negates VMA 
A 


3) The processor negates AS, UDS, and LD 


Start Next Cycle 


1 


— 





Figure 48 HD6800 Interface Flow Chart 


© HITACHI 
578 Hitachi America Ltd. ¢ 2210 O’Toole Avenue @ San Jose, CA 95131 * (408) 435-8300 





HD68000/HD68HCO0O 


Figure 49 68000 to HD6800 Peripheral Timing—Best Case 
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Figure 50 68000 to HD6800 Peripheral Timing—Worst Case 
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* Times are expressed for different device ciock frequencies. 


Figure 51 68000 to HD6800 Peripheral Timing Diagram 
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Figure 52 HD6800 Interface—Example 1 
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Figure 53 HD6800 Interface—Example 2 
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and the read/write signal is switched high. The peripheral logic 
must remove VPA within one clock after address strobe is 
negated. 


Figure 51 shows the timing required by HD6800 peripherals, 
the timing specified for HD6800, and the corresponding timing 
for the 68000. Two example systems with HD6800 peripherals 
are shown in Figures 52 and 53. The system in Figure 52 reserves 
the upper eighit megabytes of memory for HD6800 peripherals. 
The system in Figure 53 is more efficient with memory and 
easily expandable, but more complex. 





DTACK should not be asserted while VPA is asserted. 
Notice that the 68000 VMA is active low, contrasted with the 
active high HD6800 VMA. This allows the processor to put its 
buses in the high-impedance state on DMA requests without 
inadvertently selecting peripherals. 


® INTERRUPT OPERATION 

During an interrupt acknowledge cycle while the processor is 
fetching the vector, if VPA is asserted, the 68000 will assert 
VMaA and complete a normal HD6800 read cycle as shown in 
Figure 54. The processor will then use an internally generated 





SO S2 S4 S6 S8 SO sS2 S4 Sw Sw Sw Sw Sw Sw Sw Sw Sw Sw S6 











Internal —_ple—PC Low Stacking —>«——__—____— A ion >< Internal 
: utovector Operation 
Processing ? z ese 


Processing 


* Although a vector number is one byte, both data strobes are asserted due to the microcode used for exception processing. The 
processor does not recognize anything on data lines Ds through D,, at this time. 


Figure 54 Autovector Operation Timing Diagram 


vector that is a function of the interrupt being serviced. This 
process is known as autovectoring. The seven autovectors are 
vector numbers 25 through 31 (decimal). 

This operates in the same fashion (but is not restricted to) 
HD6800 interrupt sequence. The basic difference is that there 
are six normal interrupt vectors and one NMI type vector. As 
with both the HD6800 and the 68000’s normal vectored inter- 
rupt, the interrupt service routine can be located anywhere in 
the address space. This is due to the fact that while the vector 
numbers are fixed, the contents of the vector table entries are 
assigned by the user. 

Since VMA is asserted autovectoring, the HD6800 peripheral 
address decoding should prevent unintended accesses. 


® CONDITION CODES COMPUTATION 

This provides a discussion of how the condition codes were 
developed, the meanings of each bit, how they are computed, 
and how they are represented in the instruction set details. 


© CONDITION CODE REGISTER 
The condition code register portion of the status register con- 
tains five bits: 


N — Negative 
Z — Zero 

V — Overflow 
C — Carry 

X — Extend 


The first four bits are true condition code bits in that they 
reflect the condition of the result of a processor operation. 
The X-bit is an operand for multiprecision computations. The 
carry bit (C) and the multiprecision operand extend bit (X) 
are separate in the 68000 to simplify the programming model. 
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® CONDITION CODE REGISTER NOTATION 

In the instruction set details, the description of the effect on 
the condition codes is given in the following form: 
Condition Codes: Xx N ZV C 


Where 

N (negative) set if the most significant bit of the result 
is set. Cleared otherwise. 

Z (zero) set if the result equals zero. Cleared otherwise. 

V (overflow) set if there was an arithmetic overflow. This 
implies that the result is not representable 
in the operand size. Cleared otherwise. 

C (carry) set if a carry is generated out of the most 
significant bit of the operands for an addition. 
Also set if a borrow is generated in a subtrac- 
tion. Cleared otherwise. 


HD68000/HD68HCO0O 


X (extend) transparent to data movement. When affect- 
ed, it is set the same as the C-bit. 
The notational convention that appears in the representation 
of the condition code registers is: 
* set according to the result of the operation 
not affected by the operation 


O cleared 
1 set 
U__undefined after the operation 


@ CONDITION CODE COMPUTATION 

Most operations take a source operand and a destination 
operand, compute, and store the result in the destination 
location. Unary operations take a destination operand, com- 
pute, and store the result in the destination location. Table 22 
details how each instruction sets the condition codes. 


Table 22 Condition Code Computations 


Gorton. [oe LN 2 iv le] Special Definition 

ABCD U ? U ? C = Decimal Carry _ 
Z=Z:+:Rm-...+ RO 

AOD, ADDI, ? ? V=Sm:+ Dm: Rm+Sm: Dm: Rm 

ADDQ C =Sm: Dm+ Rm: Dm+Sm-: Rm 

ADDX 4 ? ? V=Sm* Om: Rm+Sm- Om: Rm 
C=Sm:Dm+Rm- Dm+Sm: Rm 
Z=Z-:Rm-...* RO 


AND, ANDI, 
EOR, EORI, 
MOVEQ, MOVE, 
OR, ORI, 

CLR, EXT, 
NOT, TAS, TST 























CHK rae areas 
SUB, SUBI ? ? v=Sm- Om: Rm+Sm-: Om: Rm 
SUBQ C =Sm: Dm+Rm- Dm+Sm- Rm 
SUBX ? ? ? V=5m: Om: Rm+Sm: Dm: Rm 
C=Sm: Dm+ Rm: Dm+Sm- Rm 
Z=Z2:Rm-...° RO 
CMP, CMPI, ? ? Vv =Sm: Dm: Rm+Sm: Dm: Rm 
CMPM C =Sm: Dm+ Rm: Dm+Sm- Rm 
DIVS, DIVU | - | * | * | 2? | 0 | V=Division Overflow 
MULS, MULU a ees ee ee 
SBCD, NBCD . U ? ? C = Decimal! Borrow_ 
Z=Z:Rm-...* RO 
NEG . J ? ? V=Dm: Rm,C=Dm+ Rm 
NEGX id ? ? ? V=Dm-: Rm,C =Om+ Rm 
Z=2-Rm-...* RO 
BTST, BCHG, ? Z=Dn 
BSET, BCLR 
ASL ? ? V=DOm-> (Dm +... + Dr) 
+Dm > (Dm-1 +... + Dm-r) 
C = Dm-r+1 
ASL (r= 0) Neete ee Sires Oe [ee 
LSL, ROXL et el le Od eh OS Dinas 
LSR (r= 0) | * | o | 0 
ROXL (r = 0) - 0 ? CcC=X 
ROL ¢] ? Cc = Dm-r+1 
ROL (r = 0) 0 0 
ASR,LSR,ROXR | * | * | o |? C=Dr4 
ASR,LSR(r=0) =| — | 0 > 
ROXR (r= 0) Ea ? C=X 
__ROR tase eed LO Fel Sea 
pore - pp pepo 
— Not affected * Generai Case: Sm — Source operand most significant bit 
U Undefined X=C Dm — Destination operand most significant bit 
? Other— see Special Definition N=Rm Rm — Result bit most significant bit 
zZ=Rm-...- RO n  — bit number 
r — shift amount 
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® CONDITIONAL TESTS 

Table 23 lists the condition names, encodings, and tests 
for the conditional branch and set instructions. The test associ- 
ated with each condition is a logical formula based on the 
current state of the condition codes. If this formula evaluates to 





1, the condition succeeds, or is true. If the formula evaluates to 
0, the condition is unsuccessful, or false. For example, the T 
condition always succeeds, while the EQ condition succeeds 
only if the Z bit is currently set in the condition codes. 


Table 23 Conditional Tests 


| inemoni Ta 
T 1 
F | fase == sd] ~~ 00—s|_sO 
Ht | high S| Sts] 
ae re ES 
cc |_carryclear =| ~St0s—s| 
CS carry set | 0101 C 
NE not equal | 0110 Zz 
EQ | equal SC | Ct ST 
vc 7 
PL pus | tt0sss| SN 
GE | weateror equal | 1100] Ne 
(Tess than ot 
aT | wear tan Pave 
te | eworeaset inf eew ven 


® INSTRUCTION SET 
The following paragraphs provide information about the 
addressing categories and instruction set of the 68000. 


@ ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways 
in which they may used. The following classifications will 
be used in the instruction definitions. 
Data If an effective address mode may be used to refer 
to data operands, it is considered a data address- 
ing effective address mode. 
If an effective address mode may be used to refer 
to memory operands, it is considered a memory 
addressing effective address mode. 
If an effective address mode may be used to refer 
to alterable (writeable) operands, it is considered 
an alterable addressing effective address mode. 
If an effective address mode may be used to refer 
to memory operands without an associated size, it 
is considered a control addressing effective address 
mode. 
Table 24 shows the various categories to which each of the 
effective address modes belong. Table 25 is the instruction set 
summary. 

The status register addressing mode is not permitted unless 
it is explicitly mentioned as a legal addressing mode. 

These categories may be combined so that additional, more 
restrictive, classifications may be defined. For example, the 
instruction descriptions use such classifications as alterable 


Memory 


Alterable 


Control 


memory or data alterable. The former refers to those address- 


- ing modes which are both alterable and memory addresses, and 


the latter refers to addressing modes which are both data and 
alterable. 


® INSTRUCTION PRE-FETCH 

The 68000 uses a 2-word tightly-coupled instruction prefetch 
mechanism to enhance performance. This mechanism is described 
in terms of the microcode operations involved. If the execution 
of an instruction is defined to begin when the microroutine for 
that instruction is entered, some features of the prefetch 
mechanism can be described. 

1) When execution of an instruction begins, the operation 
word and the word following have already been fetched. 
The operation word is in the instruction decoder. 

2) In the case of multi-word instructions, as each addi- 
tional word of the instruction is used internally, a fetch 
is made to the instruction stream to replace it. 

3) The last fetch from the instruction stream is made when 
the operation word is discarded and decoding is started 
on the next instruction. 

4) If the instruction is a single-word instruction causing a 
branch, the second word is not used. But because this 
word is fetched by the preceding instruction, it is im- 
possible to avoid this superfluous fetch. In the case of 
an interrupt or trace exception, both words are not used. 

5) The program counter usually points to the last word 
fetched from the instruction stream. 
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Table 24 Effective Addressing Mode Categories 

































peas ae eca Addressing Categories 

ress ode egister 

Dn 000 register number X — — Xx 

An 001 register number _ — — Xx 

An@ 010 register number Xx Xx X Xx 

An@+ 011 register number Xx Xx — Xx 

An@ - 100 register number Xx Xx —_ Xx 

An@(d) 101 register number Xx x Xx Xx 

pak 

An@(d, ix) register number x X xX xX 

xxx.W 000 Xx Xx X Xx 

xxx.L 001 X Xx Xx X 
> 

PC@(d) 010 X X X Se 

PC@(d, ix) 011 X Xx Xx at 

#Xxxx 100 x X = 


The following example illustrates many of the features of 
instruction prefetch. The contents of memory are assumed to 
be as illustrated in Figure 55. 


0 


INISSP 
RESTART 


INTVECTOR 
INTHANDLER 


RESTART: 
NOP 
BRA.S 
ADD.W 


LABEL 
DO, D1 


SUB.W DISP(AO), Al 
CMP.W D2, D3 
SGE.B D7 


INTHANDLER: 


MOVE.W LONGADR1, LONGADR2 


NOP 
SWAP.W 


DEFINE RESTART VECTOR 


INITIAL SYSTEM STACK POINTER 
RESTART SYSTEM ENTRY POINT 


DEFINE AN INTERRUPT VECTOR 
HANDLER ADDRESS FOR THIS VECTOR 


SYSTEM RESTART CODE 


NO OPERATION EXAMPLE 
SHORT BRANCH 
ADD REGISTER TO REGISTER 


SUBTRACT REGISTER INDIRECT WITH OFFSET 
COMPARE REGISTER TO REGISTER 
Scc TO REGISTER 


MOVE WORD FROM AND TO LONG ADDRESS 
NO OPERATION 
REGISTER SWAP 





Figure 55 Instruction Prefetch Example, Memory Contents 


The sequence we shall illustrate consists of the power-up 
reset, the execution of NOP, BRA, SUB, the taking of an 
interrupt, and the execution of the MOVE.W xxx. L to yyy.L. 
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The order of operations described within each microroutine is 
not exact, but is intended for illustrative purpose only. 
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Microroutine Operation 


Read 

Read 

Read 

Read 

Read 

Read 

<begin NOP > 
Read 

<begin BRA> 
PC=PC+d 
Read 

Read 

<begin SUB> 
Read 

Read 

Read 

<begin CMP > 
Write 

Read 

Write 

Write 

Read 

Read 

Read 

Read 


Reset 


INTERRUPT 


<begin MOVE > 


Read 
Read 
Read 
Read 
Write 
Read 
Read 
<begin NOP> 


Location 


(PC) 
+(PC) 


+(PC) 


(PC) 
+(PC) 


+(PC) 
DISP(AQ) 
+(PC) 
<take INT> 
- (SSP) 
<INT ACK> 
— (SSP) 
—(SSP) 

(VR) 

+(VR) 

(PC) 

+(PC) 


+(PC) 
+(PC) 
XXX 
+(PC) 
YYY, 
+(PC) 
+(PC) 








Operand 


SSP High 
SSP Low 
PC High 
PC Low 
NOP 
BRA 


ADD 


SUB 
DISP 


CMP 
<sre> 
SGE 


PC Low 
Vector # 
SR 

PC High 
PC High 
PC Low 
MOVE 
xxx High 


xxx Low 
yyy High 
<sre> 


yyy Low 
<dest> 


NOP 
SWAP 


Figure 56 Instruction Prefetch Example 


@ DATA PREFETCH 

Normally the 68000 prefetches only instructions and not 
data. However, when the MOVEM instruction is used to move 
data from memory to registers, the data stream is prefetched in 


MOVE TWO 
heed LONGWORDS 
MOVEM.L INTO REGISTERS 
DC.W 
DC.W 
DC.W 
DC.W 
DC.W 
DC.W 


WORD 1 
WORD 2 
WORD 3 
WORD 4 
WORD 5 
WORD 6 


Figure 57 MOVEM Example, Memory Contents 





order to optimize performance. As a result, the processor reads 
one extra word beyond the higher end of the source area. For 
example, the instruction sequence in Figure 57 will operate as 
shown in Figure 58. 


Assume Effective Address Evaluation is Already Done 


Microroutine Operation Location Other Operations 
MOVEM Read A 

Prepare to Fill DO 
A->DOH 

B~ DOL 

Prepare to Fill 01 
C-DI1H 
D->DIL 


Detect Register List Complete 


Read 
Read 


Read 
Read 


Figure 58 MOVEM Example, Operation Sequence 
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Mnemonic 
Operation 


ABCD 
Add Digits 
ADD 

Add 
Binary 


ADDA 

Add Address 
ADDI 

Add Immed. 
aADDQ 

Add Quick 
ADDX 

Add Multi- 
precision 


AND 
Logic And 


ANDI 

And immed. 

ASL, ASR 

Arithmetic count: #1~8 d: 

Shift count=0n d. 
count: #1~8 d 

Memory count 

BCHG 

Test and 

Change 


BCLR 

Test and bit 3 =Ilmm 

Clear bit =n 
bit =imm 

BSET 

Test and 

Set 


BIST 

Bit Test bit = Imm 
bit On 
bit 4:lmm 

CHK 

Check Reg- 

ister Against 

Bounds 

CLR 

Clear Operand 


Exclusive OR 
Logical 

EORI 
Exclusive OR 
Immediate 
EXG 
Exchange 
Registers 
EXT 

Sign Extend 
LEA 

Load Effect- 
ive Address 
LINK 

Link and 
Allocate 


Table 25 Instruction Set 





1100 RRRI 
1100 RRRI 


0000 errl 
0000 1000 
0000 errl 


0000 rrrl 
0000 1000 
0000 rrr} 


1011 RRR} 


1000 DDDO 


0000 1010 


0100 1000 
0100 1000 


0100 1110 
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0000 Orrr 
0000 Ir rr 


ns) 
BRR ee ¥ 


SSEE EEEE 


1000 ODDD 
1100 ODDD 


010! OAAA 


Condition 
Boolean Codes 


XNZVC 


d< and >On: +d 
On<and>s *fh 
d<and>n->d 


bit 7 +bit 8~15 
bit 15-bit 16 ~ 31 


A - (SP) 
SP in 
SP + disp--* SP 





Note : Refer to Condition Code Computations Opcode Bit Pattern Key 
as for condition Code A Address Register # 1. Direction, O- Right. {- Lett R. Destination Register 
© Word only C. Test Condition M. Destination EA Mode S. Size.00 Byte in the MOVE Instruction 
<i Maximum vatue D. Data Register & P. Displacement 01 : Word 01 Byte 
%; Number of Program Bytes e. Source Effective Address Q. Quick Immediate Data 10-Long Word 10 Long Word 
~; Number of Clock Periods E. Destination Effective Address ¢. Source Register 11- Another Operation 11 Word 
Vv. Vector & 


(to be continued) 
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\ 
seP = bee 
woe fe] - eT - Te] - Jed - Te] 


LSL, LSR B WI count:0n d:{ 2 [6+ 2n 
Logical Shift count: %1~8 d=} 2 [6+ 2n ; 
L | count -n d:| 2 18+ 2n 
count #1~8 d:| 2 18+ 
Memory W i count | dé: 
MOVE BW 
Move Data 






Condition 
Codes 
XNZVC 














Boolean 


Operation 





1110 rerf | $S10 1DDD 

1110 @aqr | $S0o ippD | ¢ yl I-90 
1110 err¢ | 1010 IDDD| X= Lett 

1110 1000 IDpDD | 9 c 
1110 IEE EERE 





L 


s d(PCX) 


MOVE 

Move to Con- 
dition Codes 
MOVE 

Move to from 
Status Reg 
MOVE 

Move to from 
User SP (A7) 
MOVEA 
Move Address | 
MOVEM 
Move Multiple 
Registers 




















0100 0110 
0100 0000 


llee eeee | s oS 
11EE EEEE | d -*MPU 















































a. 


lee cece 





MOVEP 
Move 
Peripheral 














0000 DDD! 
0000 DDDI 
0000 DDDI 
OE e0b 


0000 |1AAA | s *On by bytes 
1100 1AAA | On ed by bytes 
JAAA ee On by bytes 










MOVEO 
Move Quick 
MULS 
Multiply 
Signed 
MULU 
Multiply 
Unsigned 
NBCD 
Negate Digit 
tNEG . 
Negate Binary }° 
NEGX 
Negative Multi 
precision 
NOT 

Logical 
Complement 
OR 

Inclusive OR 
Logical 


ORI 

OR Immediate 
PEA 

Push Effect- 
ive Address 
ROR, ROL 
Rotate 
without X 




















































1000 DDDI | SSEE EEEE | d<or>Mh 
8 1000 DDDO | SSee eeee | M<or>s -h 
1000 DDDi | 1OEE EEEE | d<or>mh 
1000 DDDO ace eece | N<or>s 












0100 1000 


Memory 


Note : Refer to’Condition Code Computations Opcode Bit Pattern Key 

* ea. a condition Code A. Address Register % ft . Direction, O- Right, 1~-Left R. Destination Register 

y C, Test Condition M. Destination EA Mode S. Size. 00~- Byte In the MOVE instruction 

< Maximum vatue D. Data Register # P, Displacement 01 -- Word 01-Byte 

%. Number of Program Bytes e. Source Effective Address Q: Quick Immediate Data 10—Long Word 10-Long Word 

~, Number of Cloch Periods E. Destination Effective Address +. Source Register 11—Another Operation 11- Word 

V. Vector # 
# a The MPU goes through an extra 
null read cycle after a multiple read ts done (The last EA+ 2) 


(to be continued) 
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Mnemonic 
Operation 


count: On 
Rotate count: %1~ 8d: 
through X count:0n d: 
count: %1~ 8d: 
Memory count | 
SBCD eit 


Subtract 
digits 

Scc 

Set 
Conditionally 
SUB 
Subtract 
Binary 


SUBA 
Subtract 
Address 
SUBI 
Subtract 
Immediate 
SUBQ 
Subtract 
Quick 
SUBX 
Subtract 
Multiprecision 


SWAP 

Swap Regis- 
ter Halves 
TAS 

Test and Set 
Operand 
TST 

Test 

UNLK 
Unlink 


Branch 
Conditionally 


BRA 
Branch 
Always 
BSR 
Branch 
to Subroutine 
DBcc 
Decrement 
Counter & 
Branch Until 
Condition 
True or 
Count = 1 
JMP 
Jump to 
JSR 
dump to 
Subroutine 
NOP 
No Operation 
RESET 
Reset Exter- 
nal Devices 
RTE 
Return from 
Exception 
RTR 
Return from 
Subroutine/ 
Restore OC 
RTS 
Return from 
Subroutine 
STOP 
Load SR/Stop 
TRAP 
Trap 


TRAPV 
Trap if 
Overflow Set 


Note : Refer to”Condition Code Computations 
as for condition Code. 

® Word only 

<i Maximum value 

#: Number of Program Bytes 

~; Number of Clock Periods 


A; Address Register # 

C: Test Condition 

D; Data Register # 

e: Source Effective Address 

E. Destination Effective Address 


Boolean 


SS11 ODDD 
$$01 ODDD 
1011 ODDD 
1001 ODDD 
IIEE REEF 
A908 


It cc true 1's 
Else 


: ae 
0100 OND 
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Condition 
Codes 
XNZVC 





bra taken 
bra not taken 

bra taken 
bra not taken 
ae 


Opcode Bit Pattern Key 


{: Direction, O— Right. 1—Left R. Destination Register 

M: Destination EA Mode S. Size.00 Byte 

P. Otsptacement O01 Word 

Q: Quick Immediate Data 10~ Long Word 

r, Source Register 11 Another Operation 
Vv. Vector 2% 
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10 
8 

10 
14 


0110 COCO | PPPP PPPP [if cc true 
PC+ disp °PC 


0110 0001 | PPPP PPPP [PC © (SP) 


none 


facoccsina 


0100 1110 | 0111 0011 [(sP)~ +R 
(SP) + PC 


SR + (SSP) 
(Vector) *PC 


In the MOVE Instruction 
01- Byte 
10 - Long Word 


Word 
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# INSTRUCTION FORMAT SUMMARY instructions according to the op-code map. 

This provides a summary of the first word in each instruction where, Size; Byte = 00 Sz; Word = 0 
of the instruction set. Table 26 is an operation code (op-code) Word = 01 Long Word = 1 
map which illustrates how bits 15 through 12 are used to Long Word = 10 


specify the operations. The remaining paragraph groups the 


Table 26 Operation Code Map 














15 vas 12 Operation 
0000 Bit Manipulation/MOVEP/Immédiate 
0001 Move Byte 
0010 Move Long 
0011 Move Word 
0100 Miscellaneous 
0101 ADDQ/SUBO/Scc/DBec 
0110 Bec 
0111 MOVEO 
1000 OR/DIV/SBCD 
1001 SUB/SUBX 
1°10 (Unassigned) 

1011 CMP/EOR 

1100 AND/MUL/ABCD/EXG 
1101 ADD/ADDX 

1110 Shift/Rotate 

1111 (Uriassigned) 


(1) BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS 
Dynamic Bit 


15 14 13 10 


12 11 ( 9 68 7 6 5 4 3 2 1 0 
| 0 | 0 | 0 | 0 | Register | 1 | Type | Effective Address | 











Static Bit 
15 14 13 12 #41 10 9 8 #7 6 5 4 3 2 +14 0 
ro fofo[+[ofo lo] tm | _ eteciweassen 
Bit Type Codes: TST = 00, CHG = 01, CLR = 10, SET = 11 
MOVEP 


14 13° «12 


15 11 10 9 8 7 6 5 4 3 2 1 0 
fo To To [o [Fess | onmoe [0 [o [+ [fessor 


Op-Mode; Word to Reg = 100, Long to Reg = 101, Word to Mem = 110, Long to Mem = 111 
OR Immediate 


15 14 13 12 11 


10 9 8 #7 6 § 4 3 2 1 0 
(o fo jojlofojfolflolfo| sie | _ Eftective Address | 


AND Immediate 


15 14 130—«12; | 11 10 9 8 7 6 5 4 3 2 1 0 
0 ed O. 0 fo fo | 1 [o |] sie | Effective Address 
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SUB Immediate 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


eo) oe [oe foo a oo | ae Effective Address 


ADD Immediate 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


se i 2) 20s Ot) Se Effective Address 


EOR Immediate 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


oe Yr EO [ote S/O PU sO Se Effective Address 


CMP Immediate 


13 12 11 10 5 4 3 2 1 0 


15 14 9 8 7 6 
po fofojoftifrfolo|} see | Effective addres | 


(2) MOVE BYTE INSTRUCTION 
MOVE Byte 


15 14 13 12 11 10 9 8 j? 6 § 4 #3 2 1 0 


Destination Source 





Register Mode Register 








(3) MOVE LONG INSTRUCTION 
MOVE Long 


Destination Source 
Mode ; Register 





(4) MOVE WORD INSTRUCTION 
MOVE Word 


15 14 13 12 #144 #10 9 8 7 6 5 4 3 2 1 0 
Destination Source 
Register Mode Mode Register 


(5) MISCELLANEOUS INSTRUCTIONS 





NEGX 
15 14 #13 #42 «11 #10 9 8 #7? 6 5&5 4 3 2 #14 «0 
fa tofo}fo fo foj}o] sz | Effective address | 
MOVE from SR 
16 14 13 1412 #144 #0 9 8 #7? 6 5 4 3 2 #4 40 
fo fr fofofofojfofo ts |t | Effective address | 
CLR 


15 11 10 4 3 2 1 0 


14 13 12 9 8 7 6 5 
pops totofofo ts {ot se | Ettecrve adres | 
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592 

















NEG 
15 14 #13 #12 #11 #10 9 8 7 6 5&5 4 3 2 14 0 
roti topo te [+ [ole] se [een Aacen 
MOVE to CCR 
15 14 #13 12 #141 10 9 8 7 6 5&5 4 3 2 1 0 
| 0 | 1 | 0 | 0 | of11f[ofof4 {a | Effective Address 
NOT 
16 14 #13 12 #14 #10 #9 8 7 6 5&6 4 38 2 4 0 
MOVE to SR 
NBCD 
| 15 
fo lo | Effective Address 
PEA 
15 14 #13 «12 #11 #10 #9 8 7 6 5&5 4 3 2 1 0 
etrieislteiviete ts ao 
SWAP 


15 14 13 12 11 10 9 4 3 2 1 0 


8 7 6 5 
pate EO AD Mere Spee | 20 tea eee 


MOVEM Registers to EA 


EXTW 


EXTL 


TST 


TAS 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


| roe | 4b | 0 1 0 0 0 1 Effective Address 





15 14 13 12 11 10 S 8 7 6 5 4 3 2 1 0 


Loft fo fots to foto}: jojo jojo]  Resister | 


15 14 813 12 11 10 9 8 7 6 5 4 3 2 1 0 
po |i fo fo ft fo fo joj ts fo fo fo} Register | 
16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


PO: fa oe lO vO.) i 0 TSize Effective Address 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Pots jofo ts fojrfo tr [1] __ Ettective address | 
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MOVEM EA to Registers 


15 14 13 12 11 10 5 4 3 2 1 0 


9 8 7 6 
po tr toto ls fs fojojs |s] _ Ettective address | 














TRAP 
16 14 «13° «:12°«11 ~«10 9 8 7 6 5 4 3 2 =«1 ~~ O 
[o [1 | ofofif[1 [1 fo | o 1 |lolo Vector 
LINK 
15 14 «13°12 ° 11 «210 #9 #8 7 6 5&5 4 3 2 14. 0 
| 0 | ofofiafr{s1fofo fs fo fs fo |] Register | 
UNLK _ 
16 14 #130 «12 °~«11 ~«10 9 #8 7 6 § 4 3 2 1 ~«0 
fof: fofofif[r[s1fofols1fols [i] Register | 
MOVE to USP 





15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 '¢] 
cr fete [+ [+[+[o[o[+[1][o][o] Fei] 
MOVE from USP 
15 14 13 12 11 10 9 8 7 6 5 4 7 3 2 1 0 
fof: tefol+]1]+Jolo[:[1]eo]1] reine] 
RESET 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Ti fofeo[:[+[+[e[o|[+[:][+]o][ole]o, 
NOP 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ie ee ee ee 
STOP 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ] 
ke ee eke ee ec ee ee ee 
RTE 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
lo[+folol+[+]*]o][o[+|1]* [ole 7]! 
RTS 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O 
cio eo eta la ae pode elas 
TRAPV 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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RTR 


JSR 


JMP 


CHK 


LEA 


15 14 #13 #12 «11 #10 9 8 7 6 5&5 4 3 2 ‘ae ae 
ERED EMER ERED EAE ERE SEES ee 


15 14 13 12 2 1 0 


17.10 9 8 7 6 5 4. 
PREM ER RECS EERES Effective Address 


15 14 13 12 11 10 9 


© 
~“ 
o 
oi 
> 
w 
nN 
_ 
© 


Effective Address 


BS 


15 14 13 12 11 1 5 3 2 


0 9 8 7 6 
CT [oe] rai [1 [+ [Lo] eee asian 


=a 
Oo 


14 13 12 11 5 4 3 2 1 0 


15 10 9 8 7 6 
po | 1 fo fo] Revise | 1 ft jt | Effective Address 


(6) ADD QUICK, SUBTRACT QUICK, SET CONDITIONALLY, DECREMENT INSTRUCTIONS 


ADDQ 


SUBQ 


DBcc 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Pa fo [4 [Data | Size Effective Address 


14 13 12 11 10 9 5 4 3 2 1 0 


15 8 7 6 
ee ae ae eee Effective Address 


15 14 13 12 11 10 9 8 6 5 4 3 2 1 0 


7 
po ft fo ft [  condion ft dt | Effective Address 


15 14 13 12 11 10 9 8 


7 6 5 4 3 2 1 0) 
o [+ fo [+] condone [+ [1 ]o][o][s] Fea] 


(7) BRANCH CONDITIONALLY, BRANCH TO SUBROUTINE INSTRUCTION 


BSR 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Peet toe Condition 8 bit Displacement 


15 14 13 12 11 10 7 6 5 4 3 2 1 0 


9 8 
fafe fo |o }o|s | 8 bit Displacement 


(8) MOVE QUICK INSTRUCTION 


MOVEQO 


14 13 12 1 7 6 5 4 3 2 1 0 


15 1 10 #9 8B. 
ce | 
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(9) OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 


12 11 10 9 8 7 6 
To [evita [Op oue 





4 3 2 
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1 0 


fo | o | Effective Address 


Dn v EA>DOn 
EA v Dn>EA 


12 11 10 9 8 7 6 5 
Ce ae 


4 3 2 


1 0 


fo | o | Effective Address 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


pr fo fo fo]  Resister | 1 | + [et | Effective Address 


OR 15 14 13 
Op-Mode 
B WoL 
000 001 010 
100 101 110 
DIVU 
15 14 13 
DIVS 
SBCD 


13 


15 14 
Destination 
Register 


9 


R/M (register/memory): register — register = 0, memory — memory = 1 


(10) SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 


9 8 7 6 
Op-Mode 





4 3 2 





Effective Address 


8 7 6 5 4 3 2 1 0 


1 0 





— O11 111 An—EA > An 


SUB 15 14 13 
Op-Mode 
B WwW L 
000 001 O10 Dn—EA > Dn 
100 101 110 EA—Dn->EA 
SUBX 


14 13 


R/M (register/memory): register — register = 0, memory — memory = 1 


(11) COMPARE, EXCLUSIVE OR INSTRUCTIONS 


0 9 8 7 6 
ister 


4 3 2 


Effective Address 


15 12 11 10 9 8 7 6 5 4 3 2 1 0 
Register 


1 0 


(ToT [t [fee [Onnose | eitertie Aare 


Dn—EA 


10 9 8 7 6 5 4 3. 20 1 0 
wer [1 | sm [o[o[:| Aeon 


pt fo tt ft | Resistor | 


CMP 

15 14 13 

Op-Mode 
B WwW L 
000 001 010 

— 011 111 An—EA 
CMPM 15 14 13 
EOR 


15 14 13 


10 9 8 7 6 
eevee [1 | See | 


5 4 3 2 1 0 
Effective Address 


(12) AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 


AND 


15 
pes |iat Je02 


Op-Mode 
B Ww L 


14 13 12 


Qo. 9 8 7 6 5 


000 001 010 Dn AEA>Dn 
100 101 110 EA ADn-EA 
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MULU 


MULS 


ABCD 


EXGD 


EXGA 


EXGM 


1413 5 4 3 2 14 +0 


15 12 11 #10 9 8 #7 6 
Pt tt fo fo] Register jo ft ft | Effective Address 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Register Effective Address 


14 13 


15 12 11 10 9 8 7 6 5 4 3 2 1 Oo 
Destination 
R . 


R/M (register/memory): register — register =O, memory — memory = 1 


15 14 13 12 11 10 9 5 1 0 


8 7 6 4 3 2 
1] 1 [oe [oe | dataresister | 1 | o | 1 | o | 0 | 0 | dataRegister 


15 14 


13°12 °211 10 #9 8 7 6 5 4 3 2 1 Oo. 
1 Oe | Address Register 1 i ee Oe NO hs Address Register 


15 14 «13 
1 / 


12 11 10 9 8 7 6 5 4 3 2 1 0 | 
f+] To Lo | cataRevister | 1 [1 | o | o | o | 1 | Address Resister_| 


(13) ADD, ADD EXTENDED INSTRUCTIONS 


ADD 


ADDX 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
1 


he a ae oO) Register Op-Mode Effective Address 
Op-Mode 
B Ww L 


000 001 010 Dn+EA~>Dn 
100 101 110 EA+DOn->EA 
— O17 111 An+EA>An 


10 9 


15 14 1 12 11 8 7 6 5 4 3 2 1 0 
Register 


R/M (register/memory): register — register = 0, memory — memory = 1 


(14) SHIFT/ROTATE INSTRUCTIONS 


Data Register Shifts 


14 13 


15 12 11 10 9 8 7 6 5 4 3 2 1 ¢) 
Cs [a [1 Po [ counimesine [a | Sie 


Memory Shifts 


14 13 5 4 3 2 1 0 


15 12 11 10 9 8 7 6 
eat sf pO. tye fa a Effective Address 


Shift Type Codes: AS = 00, LS = 01, ROX = 10, RO= 11 
d (direction): Right = 0, Left = 1 
i/r (count source): Immediate Count = 0, Register Count = 1 
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@ INSTRUCTION EXECUTION TIMES 

The following paragraphs contain listings of the instruction 
execution times in terms of external clock (CLK) periods. 
In this timing data, it is assumed that both memory read and 
write cycle times are four clock periods. Any wait states caused 
by a longer memory cycle must be added to the total instruc- 
tion time. The number of bus read and write cycles for each 
instruction is also included with the timing data. This data is 
enclosed in parenthesis following the execution periods and 
is shown as: (r/w) where r is the number of read cycles and 
w is the number of write cycles. 


(NOTE) The number of periods includes instruction fetch and all ap- 
plicable operand fetches and stores. 


@ EFFECTIVE ADDRESS OPERAND CALCULATION 

TIMING 

Table 27 lists the number of clock periods required to com- 
pute an instruction’s effective address. It includes fetching 
of any extension words, the address computation, and fetch- 
ing of the memory operand. The number of bus read and 
write cycles is shown in parenthesis as (r/w). Note there are 
no write cycles involved in processing. the effective address. 


@® MOVE INSTRUCTION CLOCK PERIODS 

Table 28 and 29 indicate the number of clock periods for 
the move instruction. This data includes instruction fetch, 
operand reads, and operand writes. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). 


® STANDARD INSTRUCTION CLOCK PERIODS 
The number of clock periods shown in Table 30 indicates 


HD68000/HD68HCO0O 


the time required to perform the operations, store the results, 
and read the next instruction. The number of ‘bus read and 
write cycles is shown in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must 
be added respectively to those of the effective address calcula- 
tion where indicated. 

In Table 30 the headings have the following meanings: An = 
address register operand, Dn = data register operand, ea = an 
operand specified by an effective address, and M = memory 
effective address operand. 


@ IMMEDIATE INSTRUCTION CLOCK PERIODS 

The number of clock periods shown in Table 31 includes 
the time to fetch immediate operands, perform the operations, 
store the results, and read the next operation. The number of 
bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write 
cycles must be added respectively to those of the effective 
address calculation where indicated. 

In Table 31, the headings have the following meanings: 
# = immediate. operand, Dn = data register operand, An = ad- 
dress register operand, M = memory operand, CCR = condition 
code register, and SR = status register. 


@ SINGLE OPERAND INSTRUCTION CLOCK PERIODS 

Table 32 indicates the number of clock periods for the 
single operand instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


Table 27 Effective Address Calculation Timing 


Addressing Mode Long 

Register 
Dn Data Register Direct 0(0/0) 0(0/0) 
An Address Register Direct 0(0/0) 0(0/0) 

Memory 
An@ Address Register Indirect 4(1/0) 8(2/0) 
An@ + Address Register Indirect with Postincrement 4(1/0) 8(2/0) 
An@ - Address Register Indirect with Predecrement 6(1/0) 10(2/0) 
An@(d) Address Register Indirect with Displacement 8(2/0) 12(3/0) 
An@(d, ix)* Address Register Indirect with Index 10(2/0) 14(3/0) 
xxx. W Absolute Short 8(2/0) 12(3/0) 
xxx. L Absolute Long 12(3/0) 16(4/0) 
PC@(d) Program Counter with Displacement 8(2/0) 12(3/0) 
PC@(d, ix)* Program Counter with Index 10(2/0) 14(3/0) 
#Xxxx Immediate 4(1/0) 8(2/0) 


* The size of the index register (ix) does not affect execution time. 
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Table 28 Move Byte and Word Instruction Clock Periods 


Destination 









































__Sowee [pn [an | An@ | An@+ | An@- | An@la) [An@(G, ix)” | wo. W [v0 
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) | 16(3/1) 
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(2/1) 12(2/1) 16(3/1) 
An@ 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@+ 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 
An@ - 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1) 
An@(d) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
An@(d, ix)* 14(3/0) 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) | 24(4/1) 22(4/1) 26(5/1) 
xxx. W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
xxx. L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1) 
PC@(d) 12(C/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1) 
PC@(d, ix)* 14(3/0) 14(3/0) 18(3/1) | 18(3/1) 18(3/1) 22(4/1) 24(4/1) 22(4/1) 26(5/1) 
#XXX 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1) 

* The size of the index register (ix) does not affect execution time. 
Table 29 Move Long Instruction Clock Periods 
Ss : Destination 
Dn 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2) 
An@ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
An@ + 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) | 26(4/2) 24(4/2) 28(5/2) 
An@ - 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2) 
An@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
An@(d, ix)” 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
xxx. W 16(4/0) 16(4/0) | 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
xxx L 20(5/0) 20(5/0) 28(5/2) 28(5/2) 28(5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2) 
PC@(d) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2) 
PC@(d, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2) 
#XXX 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2) 
* The size of the index register (ix) does not affect execution time. 
Table 30 Standard Instruction Clock Periods 
Instruction | __Size__— | op<ea>,An | op<ea>,Dn | op Dn,<M> 
aa a(i/N)+ 
12(1/2) + 
Byte,Word | | tO | 81) + 
bas Long = atop ** | 12(1/2) + 
6(1/0) + = 
CMP 
Long 6(1/0) + : 
ows | S—idC VON | - 
DIVU ae” See = 
Ban 8(1/1) + 
tog | OY attra 
mus] SdSSCSCSSSCS~SSCSCSOTION : 
muu | SSSSSiC ON : 
bie _ByteWod | = | te 8a) + 
a 0 
ea 4(1/0)+ ait/i)+ 
oes | 12i02)+ 


+ add effective address calculation time 
* indicates maximum value 


DIVS, DIVU 
MULS, MULU 


598 


Hitachi America Ltd. 


** total of 8 clock periods for instruction if the effective address is register direct 
*** only available effective address mode is data register direct 


_— The divide algorithm used by the 68000 provides less than 10% difference between the best and worst 


case timings. 
— The multiply algorithm requires 38+2n clocks when n is defined as 
MULU;n = the number of ones in the < ea > 
MULS:n = concatanate the < ea > with a zero as the LSB; n is the resultant number of 10 or 01 
patterns in the 17-bit source; i.e. worst case happens when the source is $5555. 
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Table 31. Immediation Instruction Clock Periods 
Instruction | Size | op #,0n_| op#,An | op#,M__| op #, CCR/SR 
nop LBvieWord | aia) | | ras | 
| tong | 16(3/0) | = | 2003/2) + : 
aoe : 
Long 12(1/2) + _ 
2013/1) + - 
ae Tse) _[ 82/0) : 
14(3/0) 14(3/0) 12(3/0) + ~ 
een 8(2/0) - 12(2/1) + 20(3/0) 
Ttong | tararoy[— —~|—«200a,a) : 
wovea [tong | au [ - | - ‘| = 
oar LBvie.Word [acm [ - | tam | 20030 
tong | 60) | ~S*C2G+ 
ee ee 
20(3/2) + : 
eG | Byte,Word | 4(1/0) 8(1/0)* = 
a(1/0) : 


+ add effective address calculation time 





* word only 
Table 32 Single Operand Instruction Clock Periods 

instruction [Sze | ‘Register| Memory 
ae 4(1/0) ai/t) + 
6(1/0) 12(1/2) + 
NBCD 6(1/0) 8(1/1) + 
NEG Byte, Word 4(1/0) 8(1/1) + 
Long 6(1/0) 12(1/2) + 
4(1/0) 8(1/1) + 

NEGX 
aivoy [tania 
< 4(1/0 a(i/i)+ 
Long 6(1/0) 12(1/2) + 
S Byte, False 4(1/0) 8(1/1) + 
ie 6(1/0) 8(1/1) + 
TAS 4(1/0) 10(1/1) + 
we avo) [a0 
a(t) a(v/0)+ 


+ add effective address calculation time 


© SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table 33 indicates the number of clock periods for the shift 
and rotate instructions. The number of bus read and write 
cycles is shown in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 
indicated. 


@ BIT MANIPULATION INSTRUCTION CLOCK PERIODS 

Table 34 indicates the number of clock periods required for 
the bit manipulation instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be 
added respectively to those of the effective address calculation 
where indicated. 
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@ CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table 35 indicates the number of clock periods required for 
the conditional instructions. The number of bus read and write 
cycles is indicated in parenthesis as: (r/w). The number of clock 
periods and the number of read and write cycles must be added 
respectively to those of the effective address calculation where 





e JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK 
PERIODS : 
Table 36 indicates the number of clock periods required for 
the jump, jump to subroutine, load effective address, push effec- 
tive address, and move multiple registers instructions. The num- 


indicated. 


Table 33 Shift/Rotate Instruction Clock Periods 


Instruction _ | _——Size_—|_—_Register_—|__ Memory 
Byte,Word _ 6 + 2n(1/0) 8(1/1) + 
mae |__Byte, Word | 
— 8 + 2n(1/0) : 
Byte, Word 6 + 2n(1/0) 8(1/1) + 
= __ Byte, Word ) 
fei 8 + 2n(1/0 - 
6 + 2n(1/0) 8(1/1) + 
se rant) | — 
Byte, Word 6 + 2n(1/0) 8(1/1) + 
ROXR, ROXL |-__BYte: Word 
ssl 8+ 2n(1/) - 
Table 34 Bit Manipulation Instruction Clock Periods 
Memory 
se ove = ems | | ates 
aor | - | er | 
seis Bye | = | 8(/1)+ 12(2/1) + 
novo)” | | 1442/0)" - 
ee eve | ae [tats 
ual aor | - | veo | — 
— ee OE 
aim | - | wam [ - 


+ add effective address calculation time 
* indicates maximum value 


Table 35 Conditional instruction Clock Periods 


; ; Trap or Branch Trap of Branch 
10(2/0) a(1/0) 
Bec 
[Word (| _—10(2/0) 12(2/0) 
a 1012/0 - 
| Word | 10(2/0) : 
Byte 18(2/2) - 
_ Byte | 
| Word | 18(2/2) = 
= a TC 
oe 10(2/0) 14(3/0) 
CHK | = 4015/3) + * 10(1/0) + 
TRAP ee eee) : 
TRAPV Fe 34(5/3) 4(1/0) 


+ add effective address calculation time 
* indicates maximum value 
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ber of bus read and write cycles is shown in parenthesis as: (1/w). 
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Table 36 JMP, JSR, LEA, PEA, MOMEM Instruction Clock Periods 


ins | Size | an@ | Ane | an@- | Aneia [An@ldn)"| oxW [xt | Poe) | PCera,n* 





































































me | - | azo] = |= | 1012/0) 12(3/0) 14(3/0) 
SR | ——'|_—t6(2/2)| Ss — ~—S |S — sds 18(2/2)| —22(2/2) | 18(2/2) | 20(3/2) 22(2/2) 
LEA | —) | toy | OC — T |_s8(20) | 22/0) | 82/0) | 12(3/0) | _8(2/0) 12(2/0) 
PEA hare ee See ee ee 2013/2) | 1612/2) | 2002/2) _ 
MOVEM [word | cater] cata | 16+4n 16+4n | 20+4n | 16+4n 18+4n 
(3+n/0) | _(3+n/0) (4+n/0) | (4+n/0) | (4+n/0) | (5+n/0) | (4+n/0) | _ (4+n/0) 
ae (es. leet ig ce. = 16+8n 18+8n | 16+8n |, 20+8n} 16+8n 18+8n 
(3+2n/0) | (3+2n/0) (4+2n/0) | (4+2n/0) | (4+2n/0) | (5+2n/0) | (4+2n/0) | (4+2n/0) 

+ —_— 

= ssl: 1 


n is the number of registers to move 
* is the size of the index register (ix) does not affect the instruction’s execution time 


@ MULTI-PRECISION INSTRUCTION CLOCK PERIODS 
Table 37 indicates the number of clock periods for the multi- 

precision instructions. The number of clock periods includes 

the time to fetch both operands, perform the operations, store 


the results, and read the next instructions. The number of read 
and write cycles is shown in parenthesis as: (r/w). 

In Table 37, the headings have the following meanings: Dn = 
data register operand and M = memory operand. 


Table 37 Multi-Precision Instruction Clock Periods 


Instruction | Size |_opDn,On_ | op M, M 
Byte, Word 4(1/0) 18(3/1) 

ee | Byte, Word | 
. 8(1/0) 30(5/2) 
| Byte,Word [| — | __12(3/0) 

CMPM 

| tong | 2085/0) 
oe 4(1/0) 18(3/1) 
(1/0) 30(5/2) 
ABCD 6(1/0) 18(3/1) 
SBCD Tpyte «| _—6tt/0) 18(3/1) 


@ MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Table 38 indicates the number of clock periods for the fol- 
lowing miscellaneous instructions. The number of bus read and 
write cycles is shown in parenthesis as: (r/w). The number of 
clock periods plus the number of read and write cycles must be 
added to those of the effective address calculation where indi- 
cated. 


@ EXCEPTION PROCESSING CLOCK PERIODS 

Table 39 indicates the number of clock periods for exception 
processing. The number of clock periods includes the time for 
all stacking, the vector fetch, and the fetch of the first instruc- 
tion of the handler routine. The number of bus read and write 
cycles is shown in parenthesis as: (1/w). 
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Instruction | Size | 
MOVE from SR Fm | 
MOVE to CCR ae 
MOVE to SR ae ee 
saves | Word | = 
ee 
=C ee 
| 
EXT 
MOVE fromusP | = | 41/0) 
MOVE to USP ees ol 
NOP fe ae 
RESET p= | 1321170) 
RTE = 201670) 
RTS ee 
STOP p= 40/0) 
SWAP ee eae 


Table 39 Exception Processing Clock Periods 
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Table 38 Miscellaneous Instruction Clock Periods 


Register > Memory 
6(1/0) | 8(1/1) + 
12(2/0) 12(2/0) + 


12(2/0) + 


16(2/2) 
24(2/4) 


cara 
a 
ac ee 
oo 
eed 


Tiago. 


+ add effective address calculation time 


« MASK VERSION 


Memory > Register | 
16(4/0) 
24(6/0) 


Exception Periods Type No. Mask version 
Reset** 38.5 (6/0) HD68000-8 
Address Error 50(4/7) HD68000-10 
Bus Error 50(4/7) nba 2 68000S1 
Interrupt 44(5/3)" HD68000¥8 
Illegal Instruction 34(4/3) HD68000¥Y-10 
Privileged Violation 34(4/3) HD68000Y-12 
Trace 34(4/3) 
HD68000P8 
* Med pie shea Lp dlieicete shi cycle is assumed to take HD68000PS8 Bengal 
** Indicates the time from when RES and HALT are first HDG8000CR8 


sampled as negated to when instruction execution starts. 


The difference of function between mask version 6800081 
and 68000U is only as following (Figure 59). 

The function of HD68HC000 is as same as mask version 
68000U. 


@ HITACHI 


602 Hitachi America Ltd. ¢ 2210 O’Toole Avenue ¢ San Jose, CA 95131 © (408) 435-8300 





S5 S6 S7 SO S1 S2 S3 S4 S5 S6 $7 
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SO Si S2 S3 S4 S5 


SO S1 S2 S3 S4 


Aerr pprox. 8 Clocks : 
|+——— eas ++", ———+} A002 idle toes sf Write Stack —————__—__» 


‘@ NOTE FOR USE 
@ Power Supply Circuit 


Figure 59 Address Error Timing 


When designing Vcc and Vsg pattern of the circuit board, 
the capacitors need to be located nearest to Voc and Vsg as 


shown in the Figure 60. 





(Top View) 
(a) DIP 





AQ©, 





(2) 






QOOEO 


Olox 49 48. 47, L 
JOGO DOOOO, 
OOOOOOGOOOSO: 


©L) 


0, 






(Bottom View) 
(b) PGA 


Figure 60 Power Supply Circuit 
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Broken line: mask version 68000U and HD68HCOOO. 





(Top View) 
(c) PLCC 


1pF/35V Tantalum Capacitor (2 pairs) 
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Hitachi America, Ltd. 
SEMICONDUCTOR and IC DIVISION 


Hitachi America, Ltd. 
Semiconductor & IC Division 
Hitachi Plaza 
2000 Sierra Point Parkwa 
Brisbane, CA 94005-1819 
Telephone: 415-589-8300 
Telex: 17-1581 

Twx: 910-338-2103 

FAX: 415-583-4207 





REGIONAL OFFICES 





MID-ATLANTIC REGION NORTHWEST REGION SOUTHEAST REGION 
Hitachi America, Ltd. Hitachi America, Ltd. Hitachi America, Ltd. 
1700 Galloping Hill Rd. 2000 Sierra Point Parkway 4901 N.W. 17th Way, Suite 302 
Kenilworth, NJ 07033 Brisbane, CA 94005-1819 Fort Lauderdale, FL 33309 
201/245-6400 415/589-8300 305/491-6154 
NORTHEAST REGION SOUTH CENTRAL REGION AUTOMOTIVE 
Hitachi America, Ltd. Hitachi America, Ltd. Hitachi America, Ltd. 
5 Burlington Woods Drive Two Lincoln Centre, Suite 865 6 Parklane Bivd., #558 
Burlington, MA 01803 _ 5420 LBJ Freeway Dearborn, MI 48126 
617/229-2150 Dallas, TX 75240 313/271-4410 

214/991-4510 
NORTH CENTRAL REGION 
Hitachi America, Ltd. SOUTHWEST REGION 
500 Park Bivd., Suite 415 Hitachi America, Ltd. 
Itasca, IL 60143 18300 Von Karman Avenue, 
312/773-4864 Suite 730 

Irvine, CA 92715 

714/553-8500 
DISTRICT OFFICES 
Hitachi America, Ltd. Hitachi America, Ltd. Hitachi America, Ltd. 
3800 W. 80th Street 6161 Savoy Dr., Suite 850 401 Harrison Oaks Blvd. 
Suite 1050 Houston, TX 77036 Suite #317 
Bloomington, MN 55431 713/974-0534 Cary, NC 27513 
612/896-3444 Hitachi (Canadian) Ltd. 919/481-3908 
Hitachi America, Ltd. 2625 Queensview Dr. 
21 Old Main Street, Suite 104 Ottawa, Ontario, Canada K2A 3Y4 
Fishkill, NY 12524 613/596-2777 
914/897-3000 
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Hitachi America, Ltd. 

Semiconductor and IC Division 

Hitachi Plaza 

2000 Sierra Point Parkway, Brisbane, CA 94005-1819 
1-415-589-8300 
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